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THESIS ABSTRACT 
Name:   Ismail Mohamed Hemdan Keshta 
Title:  Towards achieving CMMI Level 2 for small and medium 
sized software development organizations 
Major Field:  Computer science and engineering 
Date of Degree: September 2016 
 
CONTEXT: There is a significant need to give careful consideration to requirements 
management (REQM) and the process and product quality assurance (PPQA) process 
areas of Capability Maturity Model Integration (CMMI), especially in the context of 
small and medium-sized software development organizations in order to assist such 
organizations in getting one step closer to achieving CMMI Level 2 certification. 
OBJECTIVE: The objective of this research is to implement REQM and PPQA 
process areas, specifically for small and medium-sized software development 
organizations. In this study, a workflow model for each specific practice in REQM 
and PPQA has been developed. In addition, guidelines, templates, forms, and 
checklists have also been provided. Moreover, the evaluation of the models has been 
discussed. 
METHOD: Data has been collected by exploring published research articles and 
high-level software process descriptions. Previous research works that dealt with the 
implementation of the CMMI Level 2 process areas have also been reviewed. In 
xi 
 
addition, research articles that provide guidance to software development 
organizations for implementing process areas of CMMI Level 2 in their 
environments have been considered. Furthermore, the evaluation of the proposed 
models was executed using an expert panel review process 
RESULTS: After careful analysis of the collected data, we proposed the models for 
each specific practice in REQM and PPQA process areas. Each model was divided 
into core stages, and different activities associated with each stage were 
clearly indicated. The evaluation results showed that our proposed models satisfy 
ease of learning and ease of use, provide stakeholder satisfaction, and can be applied 
to small- and medium-sized software development organizations. 
CONCLUSIONS: Based on the evaluation, we are confident that our proposed 
models are clear and easy to learn, follow, and use. Moreover, our models are 
applicable to small and medium-sized software development organizations. The 
proposed models can also assist small and medium-sized organizations in 
implementing these two process areas. 
DOCTOR OF PHILOSOPHY IN COMPUTER SCIENCE AND 
ENGINEERING 
KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 
Dhahran – Saudi Arabia 
September 2016 
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CHAPTER ONE: INTRODUCTION 
This chapter introduces the problem statement and motivation for the study. 
Furthermore, it highlights the research questions that we plan to investigate and 
summarizes the contribution of this research. 
1.1 The problem statement  
Due to the significant increase in the importance of software products as well as the 
demand for enhanced software quality in the industry, many software engineering 
researchers pay special attention to the process of software development. Continuous 
assessments and improvements are needed throughout the software process to meet 
and satisfy the requirements of both customers and stakeholders. These 
improvements will lead to the creation of high-quality software. The quality of the 
software processes used by organizations for the development of software has a 
strong influence on the quality of the software product (Halvorsen et al.  [1]). Thus, 
acquiring high-quality software that meets the specified requirements of customers is 
one of the major challenges that software organizations face (Kitchenham et al.  [2]; 
Scacchi  [3]). 
Many researchers focused on software quality by applying the concept of 
software process improvement (SPI) (Ashrafi [4]; García-Mireles et al.  [5]). Ashrafi 
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 [4]investigated the impact of SPI methodologies on software quality. García-Mireles 
et al.  [5] indicated that when software development organizations implement SPI, 
they are seeking to enhance the quality of their resulting software. SPI is considered 
an essential aspect in optimizing the software development process, especially for 
small and medium-sized organizations (Iqbal et al.  [6]; Rahmani et al.  [7]). Niazi et 
al.  [8] pointed out that the design of effective SPI implementation initiatives to help 
small and medium-sized organizations is considered as one of the main challenges in 
the software industry. Therefore, research efforts have been directed toward the 
implementation of SPI frameworks/standards to increase software quality and 
productivity (Dutra et al. [9]; Niazi  [10]).ISO/IEC 15504 and Capability Maturity 
Model Integration (CMMI) are examples of well-known and established SPI 
standards. CMMI is the latest SPI model introduced by the Software Engineering 
Institute (SEI). According to Lee et al.  [11], “CMMI has been widely researched.” 
As shown in Figure 1, the CMMI model consists of five maturity levels (MLs). 
The lowest level is Level 1, which represents a poorly controlled SE process, while 
the highest, Level 5, represents an advanced SE capability. Twenty-two process areas 
(PAs) are associated with the five levels, except Level 1. Each PA has a set of related 
practices that should be carried out to satisfy and achieve a set of well-defined goals. 
Reaching a certain level of maturity for a software development company is based on 
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It is important to note that small and medium-sized software development 
organizations are using ad hoc solutions in place of CMMI to implement SPI 
programs (Tarawneh et al.  [15]). This is because such organizations experience more 
difficulty than larger organizations in applying Capability Maturity Models 
(Tarawneh et al.  [15]; Clarke et al.  [16]). In addition, they do not have enough 
significant resources to invest (Niazi et al.  [14]). Chrissis et al.  [17] stated that 
“CMMI identifies ‘what’ activities are expected, but does not specify techniques on 
how to accomplish those activities.” Moreover, Vivatanavorasin et al.  [18] pointed 
out that CMMI does not describe how the software development organization should 
act to achieve a given CMMI process area.  
Thus, there are no clear approaches that assist small and medium-sized software 
companies in implementing CMMI. Therefore, more attention on “how” to 
implement CMMI is needed to assist such organizations in successfully adopting 
different CMMI levels. In this proposed research, CMMI Level 2 will be 
particularly addressed because Niazi et al.  [8] pointed out that small and medium-
sized software organizations set out to achieve Level 2 when they begin to accept 
CMMI as an SPI model. 
1.2 Research objective 
The objective of this research work is to implement requirements 
management (REQM) and process and product quality assurance (PPQA) process 
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areas at CMMI Maturity Level 2, specifically for small and medium-sized software 
development organizations. The major contributions of this research are as follows: 
 To develop a high-level (abstract-level) model for each specific practice in 
the REQM and PPQA process areas at CMMI Maturity Level 2, specifically 
for small and medium-sized software development organizations 
 To evaluate the proposed workflow model for each specific practice in 
REQM and PPQA process areas through an expert panel review process 
1.3 Research questions 
In order to achieve these objectives, the following research questions (RQs) will be 
addressed: 
 RQ1. How can one implement the specific practices in the REQM and PPQA 
process areas at CMMI Maturity Level 2? 
 RQ2. What is the perceived “ease of learning and ease of use” of the 
proposed workflow model for each specific practice in the REQM and PPQA 
process areas? 
 RQ3. What is the perceived “usefulness” of the proposed workflow model for 
each specific practice in the REQM and PPQA process areas? 
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 RQ4. What is the perceived “applicability” of the proposed workflow model 
for each specific practice in the REQM and PPQA process areas to small and 
medium-sized software development organizations? 
1.4 Motivation 
In this research, we will address Level 2 in CMMI because it has been noted that 
small and medium-sized software development organizations set out to achieve 
Level 2 when they start adopting the Capability Maturity Model as SPI standard to 
enhance the quality of their software product(Niazi et al.  [8]).Particularly, REQM 
and PPQA process areas at CMMI Maturity Level 2 will be implemented, 
specifically for small and medium-sized software development organizations. The 
reasons for selecting these two process areas are as follows:  
 Requirements management (REQM) process area 
El Emam et al.  [19] indicated that requirements engineering (RE) is considered one 
of the most critical processes and key tasks in software development. In other words, 
it plays a major role in the success of the software development process. Therefore, 
more attention should be given to improving requirements engineering practices. The 
StandishGroup  [20]conducted a study in which they identified the reasons projects 
fail. They reported that a poor and inadequate RE process is one of the foremost 
reasons for project failure. The Standish Group  [20] asserted that one of the major 
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causes of project failure is the constant changing of requirements. The management 
of the changes in requirements in an effective and efficient manner can be employed 
as an essential predictor of project success. Research carried out by the Standish 
Group  [72] indicated that requirements management and the change management 
process are important success points for the execution of small projects. In their 
study, they found that IT executives rated requirements management and change 
management on project performance as “very important” at 42% and 51%, 
respectively. Shah et al.  [21] provided a review of significant issues and challenges 
of RE in the software development process, such as poor requirements traceability 
and requirements change management. The authors of this study pointed out that the 
important challenges of RE in software development remain unaddressed, even 
though industrial practices have proposed some solutions to overcome them. 
 Process and product quality assurance (PQA) process area 
Pacheco et al.  [22] highlighted that quality, together with productivity, is a key 
factor in increasing competitiveness between different software development 
organizations. Quality plays a major role in averting a software project (such as a 
poor-quality software product). In addition, Pratt  [23] indicated that poor quality 
implies potential costs, such as project failure, job loss, cost of reworking, and loss of 
opportunities. Furthermore, Young et al.  [24] asked the question, “Why do so many 
projects fail?” in carrying out their study. The authors of this study were able to 
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identify a list of the primary causes of project failure, including poor quality and 
inadequate quality control. Quality is an important factor that affects any software 
end product. Jarvis et al.  [25] highlighted that PPQA is essential for both software 
development companies and those companies that buy the software. This is because 
PPQA gives indications if the techniques used during the project have been applied 
correctly. In other words, PPQA gives evidence that the procedures and techniques 
applied are integrated, properly implemented, and consistent. 
In  [8] and  [26], Niazi et al. provided empirical studies to identify the relative 
perceived value of different specific practices of CMMI Level 2 process areas based 
on the experiences of practitioners in small and medium-sized companies. More than 
half of the practitioners cited the relative perceived value of all the specific practices 
of the PPQA process areas as medium. This means that the practitioners realized the 
importance of the PPQA process area. In other words, many participants involved in 
the study were aware of PPQA’s importance. The findings also highlighted that less 
than 30% of the respondents regarded the value of all the specific practices of the 
PPQA process area as high. The authors provided two possible explanations for this 
finding. The first was that practitioners in small and medium-sized software 
development organizations paid limited attention and gave little consideration to 
PPQA activities. The second was that they had limited resources and a lack of 
technical expertise, which are both considered to be unique features of small and 
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medium-sized software development organizations, compared with larger ones. 
Furthermore, the findings emphasized the major role that PPQA plays in achieving 
CMMI Level 2. Therefore, more attention should be given to PPQA to support the 
delivery of high-quality software products. 
1.5 Summary of the research contribution 
CMMI Level 2 was especially tackled in this research work because it was observed 
that small- and medium-sized software companies set out to achieve Level 2 when 
they begin to accept CMMI as an SPI model (Niazi et al. [8]). In particular, this work 
reported on the implementation of the REQM and PPQA process areas at CMMI 
Level 2, specifically for small and medium-sized software development 
organizations (reasons for selecting these process areas are highlighted in the 
previous section). 
REQM is a basic project management process area at CMMI Maturity Level 2. 
The main aim of the REQM process area is to make sure the requirements are 
managed and consistent with each other throughout the conducted project. REQM 
process area involves five specific practices (see Table 1).  In this work, an abstract-
level model for each specific practice of the REQM process area was developed, 
with each model divided into core stages. Certain activities associated with each 
stage were described. 
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Table 1: Requirements Management (REQM) process area 
CMMI 
Practice number 
CMMI practice description 
SP 1.1 Understand requirements  
SP 1.2 Obtain commitment to requirements 
SP 1.3 Manage requirements changes 
SP 1.4 Maintain bidirectional traceability of requirements 
SP 1.5 Ensure alignment between project work and 
requirements 
 
PPQA is one of the fundamental process areas of CMMI Level 2. As stated in the 
CMMI v1.3 specifications, the purpose of PPQA is to “provide management and 
staff with objective insight into processes and related work products.” the PPQA 
process area involves four specific practices (see Table 2), and achieving them 
greatly facilitates the delivery of high-quality software products. This is clearly 
because, throughout the software development life cycle, these practices offer 
objective insights to the software project managers. In addition, they provide 
appropriate feedback on both the software processes and related project work 
products. In this study, a workflow model for each specific practice in PPQA was 
developed. Each model was divided into core stages, and different activities 
associated with each stage were clearly indicated. 
Table 2 Process and Product Quality Assurance (PPQA) process area 
CMMI 
 practice 
number 
CMMI practice description 
SP 1.1 Objectively evaluate processes
SP 1.2 Objectively evaluate work products  
SP 2.1 Communicate and resolve  noncompliance issues 
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SP 2.2 Establish records 
 
In addition, a guidelines, templates, and checklists that can be utilized to traverse 
the proposed models for each specific practice of the REQM and PPQA process 
areas were provided. The evaluation of the proposed models was conducted using the 
expert review process. Moreover, the evaluation of these proposed models regarding 
“practice satisfaction,” “ease of learning,” “user satisfaction,” and “applicability 
to small and medium-sized software development organizations” was discussed. 
The overall evaluation results showed that the proposed models ensured practice 
satisfaction according to the CMMI Maturity Level 2 requirement. They also 
satisfied the criteria for ease of learning and ease of use. Furthermore, they met the 
stakeholders' expectations and desired satisfaction level. Moreover, small- and 
medium-sized software development organizations can adopt the proposed models in 
their environments, as they were designed to be applicable to such organizations. 
It is important to mention here that this research work will help small and 
medium-sized software development organizations to adopt CMMI Level 2 practices 
for the selected process areas in a quick manner. This will definitely help such 
organizations to be one step closer toward achieving CMMI Level 2 certification. In 
review, this work will improve the software performance and quality of a company 
that employs the use of CMMI Level 2 assessment in adopting CMMI Level 2 
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practices for the selected process areas. Also, it will increase the depth of knowledge 
about CMMI Level 2 for practitioners as well as researchers. 
1.6 Thesis roadmap 
The thesis is organized as follows: The background material of the research is 
presented in Chapter 2. Chapter 3 surveys related work in CMMI Level 2. Chapter 4 
describes how our workflow models for each specific practice in the REQM and 
PPQA process areas at CMMI Level 2 were designed. Our findings from the 
literature for REQM are presented in Chapter 5. This chapter also describes the 
development of the models for the specific practices in REQM. In addition, it gives 
an evaluation of our models. Chapter 6 presents our findings from the literature for 
PPQA. This chapter also highlights the development and the evaluation of the 
proposed model for each specific practice in the PPQA process area. In Chapter 7, 
the limitations of the study are described. The conclusion and future work are also 
presented in this chapter.  
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CHAPTER TWO: BACKGROUND 
2.1 Software Process Improvement (SPI) 
Continuous assessment and improvement are required over the entire software 
development process to meet the expectations of stakeholders. Improving this 
process will result in the production of high-quality products. The quality of software 
products is strongly influenced by the quality of the software processes that the 
organization uses for development and maintenance. Therefore, one of the major 
challenges that software development organizations face is producing the desired 
quality of software products (Kitchenham et al.  [1]; Scacchi  [3]). According to 
Ashrafi  [4] and García-Mireles et al.  [5], much research has been carried out on 
software quality by focusing on SPI. 
SPI is a mechanism that helps to tailor an organization’s processes, and it is 
viewed as an essential aspect of optimizing the software development process. 
According to Nasir et al.  [27], it is necessary to highlight that SPI implementation is 
strongly influenced, first, by organizational factors, such as political and cultural 
factors, and second, by project factors, such as budget, quality, tools, and technology. 
In addition, there are factors that play a key role in undermining the implementation 
of SPI programs. Niazi  [28] identified and highlighted seven critical barriers (CBs) to 
the completion of such programs. These are as follows: inexperienced staff, lack of a 
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defined SPI implementation methodology, lack of SPI awareness, lack of support, 
lack of resources, organizational politics, and time pressures. The author suggested 
that these CBs should be addressed by software development organizations when 
they develop SPI implementation initiatives. Unterkalmsteiner et al.  [29] stated that 
“SPI is a systematic approach to increase the efficiency and effectiveness of a 
software development organization and enhance software products.” Sommerville 
 [30] mentioned that “process improvement means understanding existing processes 
and changing these processes to increase product quality and/or reduce costs and 
development time.” Cugola et al.  [31] pointed out that the ultimate goal of SPI is to 
increase both product quality and productivity. Not only that, but SPI has the ability 
to reduce time-to-market and production costs. 
It can be noted that Unterkalmsteiner  [29], Sommerville  [30], Paulk  [32], and 
Fox and Frakes  [33], along with many other scientific researchers in this field, have 
emphasized that SPI is an important way for organizations to enhance the quality of 
their software products, increase their development productivity, accelerate their 
development processes, and reduce the cost and time needed to develop their 
software products. Niazi et al.  [34] noted that designing appropriate SPI 
implementation initiatives is regarded as one of the main issues in the software 
industry, especially for small- and medium-sized software development 
organizations. 
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 Hence, different SPI frameworks, standards, and models have been introduced to 
increase software quality and productivity (Iqbal et al.  [6]; Rahmani et al.  [7]). ISO 
9000, PSP (Personal Software Process), CMM (Capability Maturity Model), and 
CMMI (Capability Maturity Model Integration) are all examples of well-known, 
established SPI standards that can be used by software development companies 
(Dutra et al.  [9]; Niazi  [10]).CMMI is the latest SPI model introduced by the 
Software Engineering Institute (SEI). According to Lee et al.  [11], “CMMI has been 
widely researched.” CMMI is a structured collection of the best practices used by 
organizations to assess the maturity of their software processes.  
2.2 Capability maturity model integration-CMMI 
CMMI is considered to be a very well-known Software Process Improvement (SPI) 
maturity model used to improve the quality of the software and its delivery. CMMI is 
a structured collection of the best practices used by organizations to assess the 
maturity of the software process.  
Applying a CMMI assessment will help many types of software organizations to 
improve their processes and software product quality (Moser et al.  [35]). Experts 
from three main areas —industry, government, and the SEI at Carnegie Mellon 
University—released this model in 2002. Based on data collected by the SEI, these 
experts believe that the maturity of software processes and the quality of the software 
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products are highly interrelated Accordingly, both the software processes and 
software products need attention (O’Regan  [27]; Monteiro et al.  [36]).  
CMMI can be considered as a framework that helps in assisting software 
organizations in the development of best practices. It is widely used throughout 
the world by large companies for process improvement, and thousands of 
organizations use such a model to enhance the quality of their software product. It is 
essential to highlight that the main aim of this model is to improve the software 
process. In other words, it can be used as a guide for improving the process across an 
organization. Thus, it ensures that the business needs are effectively met (O'Regan 
 [27]). The CMMI model consists of five maturity levels (MLs). The highest level is 
level 5, which represents an advanced SE capability, while the lowest is Level 1, 
which represents a poorly controlled SE process. 
2.3 CMMI Maturity Levels 
The five CMMI maturity levels can be considered a roadmap for improvements in 
software organizations. In this section, a shot and brief overview of each level is 
highlighted.      
2.3.1 Level 1: Initial 
Level 1 is known as ad-hoc/chaotic level. This is basically because processes are 
disorganized, and there is no mechanism that can be used to enforce them. In this 
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level, the basic characteristic of the software process is that it is informal and poorly 
controlled. Any organization that falls in this level is considered as an unstable 
environment for developing software. Thus, the processes at this level have 
unpredictable performance O'Regan  [27]. The success of an organization that falls 
into Level 1 is most likely due to the heroics of people’s individual efforts rather than 
followed processes. The weaknesses in the processes at this level will result in 
unpredictable cost and product quality (O'Regan  [27]; Day et al.  [12]) 
2.3.2 Level 2: Managed 
The foremost characteristics of the software processes in this level are that Level 2 
processes are planned, performed, and controlled. Any organization that falls into 
this category level has good project-management practices in place. The planning 
and management of the new project mainly depends on experience with similar, 
earlier-conducted projects that have similar applications (O'Regan  [27]). Therefore, 
some of the processes followed in those successful earlier projects can be repeated 
again. In other words, some of the processes at this level are repeatable. 
Organizations that fall into this level have the basic project-management processes in 
order to monitor cost, schedule, and functionality (Hwang et al.  [37]).  
It is important to note that changes to work products and the project requirements 
in Level 2 are managed and controlled. This is clearly because of having appropriate 
configuration management control and project management policies  [38]. 
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Requirements Management, Project Planning, Project Monitoring and Control, 
Supplier Agreement Management, Measurement and Analysis, Process and Product 
Quality Assurance, and Configuration Management are key process areas (PAs) that 
will improve the performance of a company that is applying CMMI maturity Level 2 
assessment. These PAs basically focus on two main categories, namely: the project 
management and support processes (Reitzig et al.  [39]). 
2.3.3 Level 3: Defined 
Organizations that fall into CMMI maturity Level 3 have standardized and 
documented processes. Since they are well defined and described in standards, they 
can be easily understood. Moreover, they help in ensuring the consistency across the 
organization. Furthermore, all the specific and generic goals of PAs that are assigned 
to ML 2 and 3 are achieved by a company that is applying CMMI maturity Level 3 
assessment. Moreover, wide training programs for the processes are provided by 
such organizations in order to build the required knowledge and skills for employees 
(O'Regan  [27]).  
In summary, at maturity Level 3, all projects must follow standards for 
developing and maintaining software. Requirements Development, Technical 
Solution, Product Integration, Verification, Validation, Organization Process Focus, 
Organization Process Definition, Organization Training, Integrated Project 
Management, Risk Management, and Decision Analysis and Resolution are key 
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process areas that will improve the performance of an organization that falls into 
CMMI maturity Level 3  [38]. 
2.3.4 Level 4: Quantitatively Managed 
Organizations that fall in this level are considered to be highly matured. At maturity 
level 4, processes are stable. In addition, they perform within pre-defined limits. 
Moreover, their performance is predictable. Both product quality and software 
process goals are understood, managed, and controlled by using statistical 
techniques. This level includes two PAs, namely: Organization Process Performance 
and Quantitative Project Management (O'Regan  [27]). 
2.3.5 Level 5: Optimized 
Organizations at this level are also considered highly matured. They have continuous 
process improvement. This improvement is done based on a quantitative 
understanding of variation by using innovative ideas and technologies. There are two 
PAs at this level, namely: Organization Innovation and Deployment Causal Analysis 
and Resolution (O'Regan  [27]).  
 
In this model, there are twenty-two process areas which are associated with the five 
levels (except Level 1). Each process area has a group of related practices that should 
be carried out to achieve a set of feasible specific goals. The success in reaching a 
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particular level of maturity for a software development organization is based on the 
fulfillment of all the goals of the process areas in that particular level and in all the 
lower levels (O'Regan  [27]; Day et al.  [12]). 
There are two CMMI representations, namely: staged and continuous  
representations. Each representation uses the same PAs. Moreover, these two 
representations use the same specific and generic goals and practices. In addition, the 
level concept is the same for both of them. In other words, the same level concept is 
used regardless of which of the two representations is selected (Day et al.  [12]).   
2.4 Process areas of CMMI Maturity Level 2 
There are seven key process areas in CMMI Level 2. These process areas are 
Requirements Management, Project Planning, Project Monitoring and Control, 
Supplier Agreement Management, Measurement and Analysis, Process and Product 
Quality Assurance and Configuration Management (O'Regan  [27]). Such PAs will 
improve the performance of software development companies applying CMMI 
maturity Level 2 assessment. In this section, we will provide a short description on 
each of these PAs.  
2.4.1 Requirements Management (REQM) 
It can be seen that this PA is considered as basic project management (PM) 
responsibility. As in (Moser et al.  [35]), the main aim of Requirements Management 
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(REQM) PA is to make sure that the requirements are managed and consistent with 
each other throughout the conducted project. In other words, they do not contradict 
each other. Moreover, REQM should keep the requirements up to date.  In addition, 
such PA plays a major role in ensuring that requirements, project plans, and work 
products remain consistent (O'Regan  [27]). REQM PA includes practices that mainly 
focus on the understanding of requirements, management, and control of changes to 
the software requirements (Moser et al.  [35]).  It is important to point out that this 
level includes REQM PA, but it does not introduce Requirements Development PA. 
2.4.2 Project Planning (PP) 
Establishing and maintaining project plans is the ultimate goal of Project Planning 
(PP). Such PA will fully set the foundation of the whole project.  Throughout this 
PA, the software project is analyzed in terms of resources, work breakdown, and 
timing (O'Regan  [27]). Crespo et al.  [40] highlighted the difficulties that are inherent 
in the PP process area such as identifying projects, defining the life cycle, 
establishing a budget, and determining cost. There are three main specific goals for 
the PP process area, namely establishing estimates, developing a project plan, and 
obtaining commitment to the project plan.  Achieving these goals means the software 
project is very well planned and established. 
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2.4.3 Project Monitoring and Control (PMC) 
The main concern of project monitoring and control (PMC) is the monitor progress 
within the project. This means this process area highly depends on the deep 
understanding of the project’s progress. Therefore, if the performance of the software 
project deviates from the plan, the PMC process area must take corrective actions 
(O'Regan  [27]).  
2.4.4 Supplier agreement management (SAM) 
The selection of suppliers and documenting the statement of work with the supplier 
are the main focus of this PA. Moreover, SAM provides the management of 
acquisition of products from the supplier. Establishing and satisfying formal 
agreements with the suppliers are the specific goal for such a process area. 
Vivatanavorasin et al.  [18] pointed out that failing in managing the supplier 
agreement management process area will result in encountering a time delay of the 
software product acquisition. Thus, the cost of the project will increase. 
2.4.5 Measurement and Analysis (MA) 
Determining the management information needs and measurement objectives are the 
ultimate objectives of the Measurement and Analysis (MA) process area. Thus, MA 
is mainly concerned with developing a measurement capability (McCabe  [41]). The 
specific goals for this process area are, one, Align Measurement and Analysis 
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Activities, and two, Provide Measurement Results. Moreover, MA provides 
organizations with feedback on status of the conducted software project, the current 
state as well as the future state (O'Regan  [27]; McCabe  [41]). 
2.4.6 Process and product quality assurance (PPQA) 
As stated in  [65], the purpose of PPQA is to “provide management and staff with 
objective insight into processes and related work products.” Successful application of 
the PPQA process area will result in delivering high-quality software products. The 
specific goals for this process area are providing evaluating process service and 
providing objective insight service. 
2.4.7 Configuration management (CM) 
Establishing, maintaining, and managing the integrity of work products are the main 
purposes of Configuration Management (CM) PA. That means that CM PA is mainly 
concerned with the management of changes. This process area includes two specific 
goals, namely establishing baselines, tracking and controlling changes, and 
establishing integrity. Setting up configuration identification, configuration control, 
and configuration audits are involved in CM PA (O'Regan  [27]). 
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Figure 2: CMMI Level 2 Process Areas and their associated categories 
As shown in Figure 2, the CMMI Process Areas (PAs) are classified into four 
categories, namely Process Management, Project Management, Engineering, and 
Support. Process areas in CMMI Level 2 can be classified into two categories, 
namely project management category and support category. Project Planning, Project 
Monitoring and Control, and Requirements Management and Supplier Agreement 
Management are under the project management category. On the other side, 
Measurement and Analysis, Process and Product Quality Assurance, and 
Configuration Management are under the support category. 
CMMI Level 2 process areas and 
their associated categories 
Project 
Management
PP
Project Planning
PMC
Project Monitoring and Control
SAM
Supplier Agreement Management
REQM 
Requirements management
Support
MA
Measurement and Analysis
PPQA
Process and Product Quality Assurance
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Configuration  Management
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2.5 Expert panel review process 
Expert opinion approach (also known as expert judgment approach) is helpful 
in examining a series of specific questions related to the behaviour of the system, 
including its usability and reusability, as well as its performance (Babar et al.  [120]). 
It is also utilized to carry out a product evaluation, which is done through a group of 
experts who are asked to use both their knowledge and experience in a certain area 
 [121]. According to Nan et al.  [122], the expert opinion’s aim is to give a flexible, 
robust approach that will elicit unbiased evaluations from the domain experts. Garcia 
(2010) states that only one specialist is required during the elicitation process if it is 
proven to be perfect. 
In addition, the valuable contribution of expert opinions has been widely recognised 
(Dyba  [123]) in the SE community. Expert opinions in a specific matter can be 
explained as scientific efforts that are utilized to shed light on the data and predict the 
actions of a system, as well as assess the uncertainties (Cooke  [131]). The increasing 
search for the views of experts particularly in pieces of academic research, has been 
justified because the decision-taking processes of many areas of knowledge are not 
mature yet or just being constructed (Li and Smidts  [132]). 
It is important to mention here that little samples can be utilized to trial, evolve a 
certain proposition, particularly in the early phases of a piece of research, according 
to Hakim  [124]. Beecham et al.  [125] confirms that the research uses samples to get 
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feedback from experts in order to appraise the progress of models which will support 
an area of knowledge. Moreover, this approach is commonly used by many software 
engineering researchers to carry out an evaluation of various software development 
models. For instance: 
 Dyba  [123] utilised 11 SPI experts in both academia and industry to carry out 
the review process 
 El Emam et al.  [127] carried out interviews with a total of 30 experts to elicit 
the criteria in order to evaluate the success of RE. 
 Beecham et al.  [125] used 20 experts in order to validate their own 
Requirements Capability Maturity Model (R-CMM). 
 Niazi et al.  [87] introduced the requirements change management (RCM) 
model for implementing SP 1.3. This model was evaluated via an expert 
review process (i.e., two SPI expert reviewers involved in the evaluation) 
Other work has also demonstrated that expert judgement is reliable, for example: 
 Lauesen and Vinter  [128] pointed out that the expert predications on the 
requirements defect were extremely high when they were used in practice. In 
other words, experts have a very good ability to predict the techniques that 
will ensure requirements defects are successfully prevented. 
27 
 
 Kitchenham et.al.  [130] indicated that it is helpful to consider the opinion of 
experts on a process model in order to provide informal validation for the 
model. 
It is important to highlight that the value of expert opinion is usually recognized 
when the quality of software is being assessed (Rosqvist et al.  [129]). So, it can be 
stated that members of the software engineering community currently give a greater 
importance and more credibility to research that uses the technique of specialized 
opinion.  
Other pieces of research have confirmed this assertion and also demonstrated how 
relevant this technique is, such as Kitchenham et al.  [130], who have analysed the 
precision of a number of different methods of effort estimation by utilizing the 
various views of experts. Moreover, Beecham et al.  [125] carried out research with 
experts that assessed a maturity model for software requirement engineering, which 
was aligned to the CMMI model.  
As a result, researchers working in the software engineering sector tend to use 
specialist opinion in order to assess their proposal and get important feedback, which 
increases the efficiency of the evaluation process.  
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CHAPTER 3: RELATED WORK 
3.1 Models for CMMI Level 2 
3.1.1 Model for requirements change management 
Niazi et al.  [87] introduce the requirements change management (RCM) model for 
implementing specific practices in CMMI Level 2. This model is compatible with 
CMMI Level 2. It supports software development organizations in their RMC 
process. Their proposed model is based on two data collection sources. The first 
source is an extensive literature review of SPI and RE that includes research articles, 
published experience reports, and case studies. The aim of this source is to come up 
with a list of characteristics that effectively help in managing the requirements 
change process.  
From the first source, three RCM models are identified for implementing specific 
practices in CMMI Level 2. These RCM models are Olsen’s change management 
model, the spiral-like change management process, and Ince’s change process model. 
The second source is interviewing experts in SPI from two companies. The second 
data collection source aims to identify the major interest of the two interview 
companies’ representative in their RCM processes. The proposed model is based on 
five core stages: request, validate, implement, verify, and update. It is important to 
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point out that the proposed model is validated by performing the evaluation using the 
expert review process. 
3.1.2 Process model design for Supplier Agreement Management (SAM) 
Vivatanavorasin et al.  [18] stated that “CMMI defines Supplier Agreement 
Management process area (SAM) but it does not describe how the organization 
should do to achieve SAM process area.” In this study, a business workflow process 
model for the SAM process area of CMMI L2 is presented. The proposed process 
model consists of three layers. These layers are known as the contextual layer, the 
elaboration layer, and the definition layer. In addition, designs need artifacts that 
include template documents; forms and checklists are also presented. Furthermore, 
Vivatanavorasin et al. developed a prototype tool called Supplier Agreement 
Management Tool (SAMT) to prove their proposed concept. The authors pointed out 
that their proposed model can guide software development organizations to 
implement the SAM process area of CMMI L2. It is necessary to note that 
Vivatanavorasin et al. clearly highlighted that software development organizations 
around the world have used CMMI practices as templates for improving their 
productivity and product quality. 
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3.2 Templates, process maps, and checklists for implementing 
CMMI Level 2 process areas 
3.2.1 Process maps 
O’Regan  [27] presented a full chapter on the implementation of CMMI Level 2 in a 
software development organization. The main objective of CMMI Level2 
implementation is to establish effective and successful management practices for 
software projects. Such implementation will enable practices that were used 
effectively and successfully in previously conducted projects to be replicated. 
Implementation of CMMI L2 means that the seven process areas (PP, PMC, REQM, 
SAM, PPQA, MA, and CM) need to be implemented. This may lead to seven 
separate process improvement teams that will work on the implementation of these 
PAs. The author highlights, however, that some of the improvement teams can be 
responsible for more than one PA. He provides the following example to illustrate 
this issue. 
For instance, the improvement process team that will work on project 
management is traditionally responsible for PP and PMC. Moreover, this team may 
also be accountable for MA and SAM PAs as well. For REQM and CM process 
areas, separate process improvement teams are usually needed to implement these 
two PAs. For small software development organizations, O’Regan  [27]pointed out 
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that a software engineering process group (SEPG) may be the only improvement 
team that is accountable and responsible for implementing all process areas in CMMI 
Level 2. As an example, project planning, project monitoring and control, and 
measurement and analysis process areas of CMMI Level 2 will be presented in this 
literature. 
 
  
 
Figure 3 : High-Level process map for PP Figure 4 : High-Level process map for PMC 
 
 
For project management, O’Regan  [27] provides high-level process maps for 
project planning and project monitoring and control process areas of CMMI Level 2 
because the project management improvement team is accountable and responsible 
for implementing these two PAs. The high-level process maps are given in Figure  
3and Figure 4 . As shown in the figures, the high-level process map for PP 
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establishes estimates, develops a project plan, and obtains a commitment to the plan. 
These are the specific goals of the project planning process area at CMMI Level 2. 
Establishing estimates includes the estimation of the scope of the project, work 
products and task attributes, project life cycle, effort, and cost. 
O’Regan also provides one example of process maps for project planning process 
area. As shown in Figure 5, stakeholders and project managers will be involved in 
the process mapping for project planning and in the stream of activities. Project 
request; high-level estimates of budget, effort, and schedule; project authorization; 
preparation of the project plan; setting up the project board; defining project controls, 
identification of risks, preparation of the project schedule, project communication, 
project implementation; and project closure are highlighted in the provided sample 
process map for project planning. 
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Figure 5: Sample process map for project planning 
 
 
 
3.2.2 Templates and examples 
 
O’Regan  [27] states that “templates support the process and allow consistent input 
and output during the different parts of the process.” As an example, the author 
provides typically needed templates (see Table 3) for implementing project 
management process that includes the implementation of project planning (PP) and 
project monitoring and controlling (PMC) process areas because the project 
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management improvement team is accountable for implementing PP and PMC 
process areas in CMMI Level 2. 
Table 3: Typical templates for project management 
Template Tool Typical contents 
Project plan Microsoft Word  – Project goals and objectives 
– Estimation 
Project 
schedule 
Microsoft Project Recording   project  tasks  
Recording   effort and resources required 
 
 
InterGlobe Consulting  [95] is a famous organization that provides consulting and 
training services to bring project management to the global market. InterGlobe 
proposed a research paper entitled “A CMMI implementation case study.” The 
ultimate aim of this work was to describe how software development companies can 
implement CMMI Level 2 project management processes to improve their project 
management methods. In this work, project planning (PP) and project monitoring and 
control (PMC) process areas in CMMI Level2 are addressed by transferring the 
specific goals of these two process areas into requirements for project management 
templates. In addition, examples of project planning and scheduling templates are 
provided. As an example, the paper illustrates the method for implementation. The 
specific practice (SP) 1.1 “estimates the scope of the project” in the project planning 
process area at CMMI Level 2. Three templates are needed to implement SP1.1. 
These templates are based on the product development lifecycle, the work 
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breakdown structure (WBS), and the section of the PP that is relevant to the activity 
captured in the WBS. 
In a master thesis entitled “Designing a Process Measurement Program as a Part of 
MA PA of CMMI Level 2”  [94], the author proposed a measurement program that is 
based on the measurement and analysis process area at CMMI Level 2.This 
measurement program helps in collecting the numerical data and in data analysis and 
decision making. The design of the proposed measurement program is appropriate 
and applicable for repeatable process measurement.  
The author noted that the design of a measurement process will help software 
development organizations toward process improvements. Furthermore, the author 
states that “the whole template would provide the organization with a guideline to 
achieve the organizational objectives.” In this work, a template is provided to show 
the status of the chosen project/process. It also helps in informing the stakeholders 
with necessary and basic information. The five phases of the process measurement 
are scope identification, definition of the process, data collection, data analysis, and 
involvement process. The main role of scope identification is to specify objectives 
supported by the measurement system and clearly identify obstacles that act against 
meeting those specified objectives. However, measures and metrics have to be 
specified. The second phase is defining the process. This phase includes the 
following tasks: clarifying operationally and consistently each identified measure, 
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defining the data collection methods, and identifying the analytical techniques of the 
collected data. Data collection is the third phase in measuring the process. It involves 
three main tasks that are data collection, data recording, and data storage. The fourth 
phase is data analysis. The main role of this phase is to analyze the collected data and 
prepare the first draft of the reports. Furthermore, this phase also involves the 
continuous review of the whole procedure. 
Finally, the last phase, that is the fifth phase, is process involvement. It enables the 
software development organizations to improve their processes. Framework for 
handling obstacles that act against meeting the objectives supported by the 
measurement system is provided by the final phase, process evolvement. 
It is important to point out that the template is adjusted based on feedback from the 
academic side and stakeholders of Volvo 3P to produce an adjusted template “Volvo 
Version” for industrial use. In terms of validation, it is very important to highlight 
that the proposed template is validated and tested by Volvo 3P (industrial validation). 
Furthermore, one of the teachers at the Chalmers University of Technology worked 
on the validation and testing of this template to find out whether this template is 
appropriate in other fields other than the industry. The teachers found out that 
although this template was designed for Volvo, it was adjusted and accepted by 
Chalmers University of Technology. In other words, just minor changes were 
required in terms of wording and ordering of the questions in the template.  
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3.2.3 Checklist 
 
O’Regan  [27]states that “checklists are employed as an aid to performing the 
process.” For example, the author provides a sample project management checklist 
that can help to ensure that the activities that are associated with PP and PMC 
process areas have been completed. The checklist is shown in the table below. 
Table 4 Sample project management checklist 
No
. 
Item to check 
1 Is the project plan complete and approved?  
2 Are the responses to the risks and issues appropriate? 
 
3.3 Identifying high perceived value practices of CMMI Level 2 
In  [8]and  [26], Niazi et al. address the challenges that are faced by small and 
medium-sized software development organizations in implementing CMMI Level 2 
as SPI framework. They help software practitioners in such organizations to give 
more attention to the “high perceived value” of different practices of CMMI Level 2 
process areas. This information enables such organizations to develop their own 
finer-grained CMMI Level 2 framework/standard, which will definitely help small 
andmedium-sized software development organizations to implement SPI initiatives 
in a better way. 
Niazi et al.  [26]conducted an empirical study in order to identify the high 
perceived value practices of CMMI Level 2. In their research, they only considered 
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three PAs at CMMI Level 2: requirements management, process and product quality 
assurance, and configuration management. Establishing the perceived value of 
specific practices for these three PAs is the main contribution of this empirical study. 
Their work was based on face-to-face interview sessions with twenty-three 
Malaysian software development practitioners. Practitioners were asked to choose 
and rank the practices of three PAs against a five-point scale (high value, medium 
value, low value, zero value, or not sure). These five types of assessments help in 
identifying the level of the negative effect of a certain factor that works as a barrier 
against the successful implementation of SPI initiatives in Malaysia. Thus, they will 
help in indicating the importance of CMMI practices. Their results highlighted that 
Malaysian managers reported all specific practices of the REQM process area as high 
value. Malaysian developers, however, reported only one practice SP1.1 as high 
value. For PPQA, both Malaysian developers and Malaysian managers did not report 
any practice of this PA as high value. For the last PA, configuration management, 
Malaysian developers did not report any practice of this PA as high value. On the 
other hand, Malaysian managers reported four practices as high value. These four 
practices are SP1.2, SP1.3, SP3.1, and SP3.2.  
Niazi et al. [8] did a substantially extended version of what was done in  [26] by 
including practices of six CMMI Level 2 process areas instead of three. They also 
increased their sample size to include twenty-three from Malaysian software 
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development practitioners and eight from Vietnamese practitioners. They followed 
exactly the same method as  [26] in collecting data, which was to use a close-ended 
questionnaire based on CMMI Level 2 practices of six process areas. In this work, all 
PAs at CMMI Level 2 were included, except the Supplier Agreement Management 
process. This was because both Malaysian and Vietnamese software development 
participants were not managing the acquisition of products from suppliers. Their 
results show that in the REQM process area, Malaysian and Vietnamese practitioners 
reported three out of five specific practices as high value. The specific practices were 
SP1.1, SP1.2, and SP1.3. Malaysian and Vietnamese practitioners do not report 
project planning, project monitoring, control, measurement and analysis, process and 
product quality assurance, and configuration management as high value. It is 
important to point out that all specific practices of PPQA PA are reported medium 
value. Additionally, four out of seven specific practices are considered as having 
medium value. Similarly, the following eight out of fourteen specific practices of 
project planning are reported as medium value: SP1.1, SP1.3, SP2.2, SP2.3, SP2.4, 
SP2.5, SP2.6, and SP3.2.Out of ten specific practices of project monitoring and 
control practices, only four (i.e., SP1.1, SP1.2, SP1.4, and SP2.2) are reported as 
medium value. In this study, the authors highlighted the factors that work as barriers 
against the implementation of CMMI, which are resource constraints, company size, 
and time. Therefore, the implementation of CMMI is not easy for small and medium-
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sized software development companies, and this will definitely limit the benefits of 
CMMI as SPI standard even further. 
3.4 Identifying measures for CMMI L2 process areas 
3.4.1 Identifying measures for project planning (PP) 
 
Khraiwesh in  [115] addresses CMMI Level 2 by selecting one out of the seven 
process areas, the project planning process area. The ultimate objective of this study 
is to identify general measures for the three specific goals and its fourteen specific 
practices of the PP process area of CMMI L2. The author gives a set of questions and 
measures concerning specific practices from SP1 to SP14. 
In terms of validation, a questionnaire is made to examine the validity of the 
defined measures. Software developers and designers in the information technology 
department of Zarqa University, Jordan, fill questionnaires using a scale of five 
options to collect their opinions. These options are as follows: strongly agree, agree, 
neither agree nor disagree, disagree, and strongly disagree. Table 5 gives an example 
of a questionnaire used to analyze the effect of defined sentences/measures on the 
accomplishment goal to estimate the scope of the project. 
 
Table 5 Do you think that the following sentences/measures have an effect on the accomplishment 
of the goal of Estimate the Scope of the Project)  
Statement 
serial 
Statement 
 
Strongly 
Agree 
Agree Neither 
agree nor  
disagree 
Disagree Strongly 
disagree 
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1 Establishing a top – 
level work breakdown 
structure (WBS) of the 
project. 
     
2 Defining the work 
packages in sufficient 
detail so that you can 
estimate project tasks, 
responsibilities, and 
schedule. 
     
 
3.4.2 Identifying measures for process and product quality assurance (PPQA) 
 
Furthermore, in  [96], Khraiwesh follows the same research methodology used in 
 [115] to identify measures for the specific goals and their specific practices of the 
process and product quality assurance (PPQA) process area. That means that this 
study aims to address CMMI Level 2 by defining measures for two specific goals 
and its four specific practices of PPQA process area. A collection of questions and 
measures concerning specific practices (from SP1 to SP4) is provided in this research 
work. Similar to  [115], the measures are determined by applying GQM to the 
specific practices of PPQA. A subset of questions and measures concerning practice 
1 of PPQA at CMMI Level 2 are provided as an example. 
Table 6: Subset of questions and measures concerning practice 1of PPQA in CMMI L2. 
Questions  Measures 
Do you produce evaluation 
reports? 
Do you produce evaluation 
noncompliance reports? 
 Producing evaluation reports, 
noncompliance reports. 
 Number of Evaluation reports. 
 Number of Noncompliance reports. 
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The same form of validation is used in this research. For example, a questionnaire 
used to analyze the effect of defined sentences/measures on the accomplishment goal 
of “objectively evaluated processes” is provided in Table 7 
Table 7: Do you think that the following sentences/measures have an effect on the accomplishment of 
goal of Objectively Evaluate Processes in PPQA process area in CMMI L2   
statemen
t 
serial 
statement 
 
Strongly 
Agree 
Agre
e 
Neither 
agree nor  
disagree 
 
disagre
e 
Strongly 
disagree 
 
1 Evaluating selected 
performed processes. 
     
2 Producing evaluation 
reports, noncompliance 
reports. 
     
3.5 Questionnaire-based method for CMMI Level 2 process areas 
Yucalar et al.  [117] develop a questionnaire-based assessment method. The main 
objective of this method is to facilitate a quick assessment of CMMI Maturity Level 
2 of a software development organization. In this study, the authors considered the 
software organizations that are new to CMMI. Moreover, software organizations that 
are just beginning to adopt CMMI as SPI standard to enhance their product quality 
are also considered. In other words, this study mainly targets small software 
development organizations. Yucalar et al. stated that “the method is not concerned at 
all with higher levels.” The questionnaire-based assessment method consists of 
thirty-nine questions formulated to cover all seven process areas in CMMI Level 2: 
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REQM (3 questions), PP (9 questions), PMC (5 questions), SAM (4 questions), MA 
(5 questions), PPQA (5 questions), and CM (8 questions). It is indicated that the 
number of questions per process area is based on covering the range of practices per 
process area with as few questions as possible while maintaining the fairness among 
them. That is, the number of questions per process area does not reflect the 
importance of the process area. To each question, one out of five possible answers 
can be given: definitely yes = 4 points, usually = 3 points, planned but not applied = 
2 points, not sure = 1 point, and definitely no= 0 point. The questionnaire-based 
assessment method is applied to five software companies in Turkey. Their result 
confirms the fact that the size of a software development organization plays a major 
role in its ability to achieve higher levels in CMMI. 
3.6 Identifying factors affect transition time between CMMI levels 
Alshammari et al.  [113] perform an empirical study to indicate and investigate the 
factors that have a positive or negative effect on the transition time between CMMI 
levels in Saudi Arabia. The authors used a similar approach (Niazi and Babar, 2009). 
In this study, twenty-one factors were declared as effective factors and play a 
positive role for transition time between CMMI levels. The authors of this paper 
strongly recommend that Saudi software development organizations pay more 
attention to these effective factors in order to accelerate the transition time between 
CMMI levels. Thus, decreasing such transition will definitely lead software 
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development organizations to business benefits. In addition, their results show that 
Saudi software development organizations need to improve their training, which can 
be achieved by offering training courses such as introduction to CMMI to stuff in 
their organizations. In addition, their study shows that out of twenty-one effective 
factors, “SPI implementation methodology” and “visibility into the SPI process 
planning” are two important effective and operative factors. 
3.7 Description of the implementation of CMMI L2 best practices 
Persse  [64]addresses CMMI at Level 2 in his book entitled “Project Management 
Success with CMMI: Seven CMMI Process Areas.” He focused on how CMMI 
Level 2 can be applied to virtually any project. This book is strongly recommended 
for small and medium-sized software development organizations, because it helps 
them in implementing all seven CMMI Level 2 process areas. Additionally, the 
author introduced the intention of CMMI Level 2 process areas.  
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Author(s) Year of 
Publicatio
n 
Process Areas Summary of Research 
 
 
Models for CMMI Level 2 
Niazi et al. 2008 REQM 
 
 Requirements Change Management (RCM) model is presented by 
implementing CMMI Level2 specific practice (SP1.3-1)“manage 
requirements changes practice.” 
Vivatanavorasin 
et al.  [18] 
2006 SAM  Process model for Supplier Agreement Management (SAM) process 
area of CMMI Level2 is presented. It helps software organizations in 
implementing SAM of CMMI Level2. 
 
 
Identifying high perceived value practices of CMMI Level 2 process areas 
Niazi et al. [26] 2008 REQM, PPQA, 
CM 
 
 The challenges that are faced by small and medium-sized software 
organizations in implementing CMMI L2 as SPI framework are 
highlighted. 
 The “high perceived value” of different practices of CMMI Level 2 
process areas is pointed out to enable small and medium-sized 
organizations to develop their own finer-grained CMMI Level2 
framework. 
Niazi et al. 
 [8] 
 
2009 REQM, PPQA, 
CM, PP, PMC, 
MA 
 
 
Identifying measures for CMMI Level 2 process areas 
Khraiwesh  [115] 2013 PP  Measures for the three specific goals (SGs) and their fourteen SPs of 
PP of CMMI Level 2 are identified. 
Khraiwesh  [116] 2014 PPQA  Measures for the two SGs and their four SPs of PPQA at CMMI 
Level 2 are identified. 
 
 
Questionnaire based method for CMMI Level 2 process areas 
Yucalar et al. 
 [117] 
 [117]20
09 
REQM, PPQA, 
CM, PP, 
PMC,MA, SAM 
 A questionnaire based assessment method is developed in order to 
facilitate quick assessment of CMMI Level 2. The method is applied 
to five software companies in Turkey. 
 
 
 
Templates, high-level process maps, and checklists for implementing CMMI Level 2 process areas 
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InterGlobe [95] 2008 PP, PMC 
 
 Implementation of PP and PMC of CMMI Level2 addressed by 
transferring the “SGs” of these two PAs into requirements for project 
management templates. 
 The example that illustrates the implementation of SP1.1“estimate 
the scope of the project” of PP PA at CMMI Level2 is presented.  
Ghalambor [94] 
 
2009 
 
MA  Important theories and methodologies such as literature study, 
meeting, and interview are used in designing the measurement 
template. The designed template is validated in academia as well as 
in the software industry. 
O’Regan  [27]        2011 REQM, PPQA, 
CM, PP,  PMC, 
MA, SAM 
 
 For each process areas, names of the templates and typical contents 
of these templates that are needed to implement PAs are given. Also, 
process map and checklist for each process areas are provided. 
 
Identifying the factors affect transition time between CMMI levels in Saudi Arabia 
Alshammari et 
al. [113] 
 [113] 
2011 
 
 
_____ 
 Factors that have a positive or negative effect on the transition time 
between CMMI levels in Saudi Arabia are identified. Discussion of 
the possibility of achieving CMMI L2 in six months is also 
provided. 
 Out of 21 effective factors, “SPI implementation methodology” and 
“visibility into the SPI process planning” are two important effective 
factors. 
 
Describing the implementation of CMMI Level 2 best practices  
Persse  [64] 2007 
 
REQM, PPQA, 
CM, PP,  PMC, 
MA, SAM 
 
 The focus of how CMMI Level 2 can be applied to virtually any 
project is the main contribution. For each process area of CMMI 
Level 2, the description of how best practices can be implemented is 
provided. 
 
 
Identifying specific practice dependencies in CMMI Level 2 process areas   
Xi et al. [114]  2008 
 
REQM, PPQA, 
CM, PP, PMC, 
MA, SAM 
 Introducing research work that identifies SP dependencies in process 
areas in CMMI L2 without changing the CMMI specification 
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3.8 Limitations in the existing studies 
Although CMMI helps software development companies to improve the quality of 
their software, only a few of these organizations have adopted it. This is due to the 
small size of the organizations, the lengthy amount of time needed to adopt CMMI, 
and the high cost of CMMI’s services (Staples et al.  [13]). Many software 
development organizations often consider CMMI to be an expensive SPI model 
because it requires a significant amount of time to fully implement CMMI in their 
environments. Furthermore, Niazi et al.  [14] indicated two major reasons that many 
software development organizations are unwilling to implement CMMI: the 
significant investment that is required and its limited success. Moreover, Batista et al. 
 [42] indicated that small and medium-sized software development organizations, 
unlike larger ones, experience more difficulty with CMMI.  
It is important to mention here that small and medium-sized software 
development organizations believe they are a long way from implementing SPI 
models such as CMMI because the implementation of such a model is difficult and 
expensive (Mejhem et al.  [15]). Unlike larger companies, small and medium-sized 
companies do not do not have enough resources to invest. There is, therefore, a 
significant need to design CMMI Level 2 process areas to support and enable small 
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and medium-sized software companies to quickly adopt CMMI Level 2 process 
areas.  
As highlighted in the literature review, Eileen et al.  [43] stated that “CMMI best 
practices describe what to do, but not how to do it.” Vivatanavorasin et al.  [18] also 
pointed out that CMMI does not describe how a software development organization 
should achieve a given CMMI process area. Furthermore, Chrissis et al.  [17] stated 
that “CMMI identifies what activities are expected, but does not specify techniques 
on how to accomplish those activities.” Gang et al.  [44] also indicated that CMMI 
provides software organizations with general guidelines, but it does not provide them 
with a detailed operational model, so as a result, the cost of adopting CMMI is 
increased. 
Since there are no clear and defined approaches that can provide help and support 
to small and medium-sized software companies in implementing CMMI Level 2 in 
an effective manner, further research into its effective implementation is required. In 
other words, there is a need for more concentration and careful consideration of how 
to implement CMMI Level 2, which is essential in assisting such software companies 
to increase their software quality and productivity. 
Through our literature review, we have also noted that more attention should be 
paid to REQM and PPQA process areas. In other words, there is a need to give 
careful consideration to these two process areas and concentrate on them more. 
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Although REQM and PPQA process areas play important roles in the success of a 
software project, insufficient research studies have been performed on building 
effective implementation of these two process areas. Therefore, in this research, we 
have presented a workflow model for each specific practice in these two process 
areas especially in the context of small and medium-sized software development 
organizations in order to assist such organizations in getting one step closer to 
achieving CMMI Level 2 certification. Despite the importance of REQM and PPQA 
process areas, little research has been carried out on these two areas at the specific 
practice level. Research in this area is expected to provide useful insight into the 
implementation of these two process areas by developing an abstract-level model for 
each specific practice in these two areas. 
Such implementation will help small and medium-sized software organizations 
adopt REQM and PPQA process areas quickly. Thus, it will assist them in getting 
one step closer to achieving CMMI Level 2 certification. In addition, this will lead to 
high-quality products and customer satisfaction. Furthermore, this implementation 
will increase the depth of knowledge of both practitioners and researchers on REQM 
and PPQA process areas at CMMI Maturity Level 2. Moreover, we can consider the 
research in this area as ongoing that can be extended and carried out by researchers 
in the future. It can possibly lead to research expansion in the field of CMMI Level 2 
implementation 
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CHAPTER FOUR: RESEARCH METHODOLOGY 
4.1 Stages involved in designing the proposed models 
Figure 6 indicates the stages that are involved in designing the proposed models. The 
first stage involved in the development of the proposed workflow models is for 
specifying criteria for their success. Because of the unique features and 
peculiarities of small and medium-sized software development organizations 
compared with larger organizations, we have set the following basic criteria 
for developing the models for each specific practice in the REQM and PPQA process 
areas: 
1. Ease of use: Small and medium-sized organizations do not have the money to 
adopt complex models. In addition, such organizations do not have the 
resources needed to apply complicated models. Therefore, our models have 
been structured to be easy to understand and easy to follow.  
2. Stakeholders’ satisfaction: The results of the models should satisfy the needs of 
the stakeholders. The proposed models should be utilized by the stakeholders 
to assist them in successfully attaining their specific goals and objectives. 
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3. Practice satisfaction: The proposed models should satisfy the CMMI v1.3 
specifications. Each proposed model should satisfy the goal of the specific 
practice according to CMMI v1.3 specifications. In other words, the proposed 
models should ensure that there is practice satisfaction based on the CMMI 
Level 2 maturity requirement. 
4. Applicability of the models to small and medium-sized software development 
organizations: The proposed models should be applicable to small and 
medium-sized software development organizations. In other words, they can be 
applied to both small and medium-sized software development organizations. 
These criteria have been set because they were noted in the references cited in the 
literature (Niazi et al.  [80]; Niazi et al.  [87]). Thus, it was kept in mind that “the 
models should be easy to use, learn, and follow, and their results should satisfy 
stakeholders’ needs” while building them. This is because we are targeting small and 
medium-sized software development organizations that face many traditional 
problems, such as lack of financing and lack of necessary knowledge.  
In the second stage, the research questions were developed in order to meet these 
specified criteria. In the third stage, data was collected by exploring published 
research articles and high-level software process descriptions. In addition, previous 
research works that addressed the implementation of CMMI Level 2 process areas 
were reviewed. Moreover, research articles that provide guidance to software 
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development organizations to implement process areas of CMMI Level 2 in their 
environments were considered. Then we carried out a very careful analysis and 
evaluation of the collected data. The proposed models were designed in stage 5. In 
the final stage, an evaluation of the proposed models was conducted with an expert 
panel review process. 
 
Figure 6 Stages involved in designing the proposed workflow models for each 
specific practice in the REQM and PPQA process areas at CMMI Maturity Level 2 
 
4.2 Description of the stages 
4.2.1  Stage 1 
Setting the criteria for successful outcomes was the first stage involved in the design 
of the proposed models. The above basic criteria were used for building the models 
because of the unique and distinctive features of small and medium-sized software 
development organizations in comparison with larger ones. It is important to stress 
that the primary reason for carefully selecting the above criteria comes from the 
findings presented in Niazi et al.  [118] and Niazi et al. [119]. Moreover, these criteria 
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were specified as a result of the references reported in the literature from Niazi et al. 
 [80] and Niazi et al.  [87]. 
4.2.2 Stage 2 
For the REQM process area, the following research questions (RQs) were addressed: 
 RQ1. How can one implement the specific practices in the REQM process 
area at CMMI Maturity Level 2? 
 RQ2. What is the perceived ease of learning and ease of use of the 
proposed model for each specific practice in the REQM process area? 
 RQ3. What is the perceived usefulness of the proposed model for each 
specific practice in the REQM process area? 
 RQ4. What is the perceived applicability of the proposed model for each 
specific practice in the REQM process area to small and medium-sized 
software development organizations? 
For the PPQA process area, the following research questions (RQs) were addressed: 
 RQ1. How can one implement the specific practices in the PPQA process 
area at CMMI Maturity Level 2? 
 RQ2. What is the perceived ease of learning and ease of use of the 
proposed model for each specific practice in the PPQA process area? 
 RQ3. What is the perceived usefulness of the proposed workflow model for 
each specific practice in the PPQA process area? 
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 RQ4. What is the perceived applicability of the proposed workflow model 
for each specific practice in the PPQA process area to small and medium-
sized software development organizations? 
4.2.3 Stage 3 
For data collection sources, data was collected from the published literature by 
performing extensive literature reviews. The literature was conducted to help us in 
finding evidence from previous research work that addressed the implementation of 
CMMI Level 2 process areas. In addition, this step included exploring research 
articles, experience reports, high-level software process descriptions, and case 
studies. 
4.2.4 Stage 4 
The data collected from Stage 3 was carefully reviewed, analyzed, and evaluated. For 
each of the two selected CMMI Level 2 process areas, the aim of completing Stage 1 
and Stage 2 was to have an identified list of characteristics that is required to 
effectively manage and control the selected process area. Moreover, models that can 
be adapted to implement the CMMI Level 2 practices for the selected process area 
were identified from the literature.  
In this stage, each paper was reviewed carefully, and a list of guidelines and 
satisfactory models were identified from the literature on each specific practice. In 
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papers in which the authors have described their CMMI implementation experiences 
with lessons learned, for example, how they achieved CMM Level 2, it was fairly 
simple to identify the guidelines and recommendations for the implementation of 
CMMI Level 2 process areas because often, authors provided a summary of these 
guidelines and recommendations as a bulleted list. However, in papers in which 
CMMI implementation was discussed but authors did not clearly provide a summary 
of findings about the main activities associated with REQM and PPQA process areas, 
each paper was carefully read to identify the core stages for implementing such 
process areas.  
4.2.5 Stage 5 
O’Regan  [27] said, “Templates support the process and allow consistent input and 
output during the different parts of the process.” Moreover, the author indicated that 
templates and checklists help ensure that the activities associated with process areas 
are completed. As indicated in the literature, Afrooz  [94] said, “The template would 
provide the organization with a guideline to achieve the organizational objectives.” 
Furthermore,  [95] provides an example that presents how a specific practice in 
CMMI can be implemented by proposing templates, checklists, and forms. 
Therefore, an abstract-level model for each specific practice of the REQM and PPQA 
process areas was developed. Each model is divided into core stages, and different 
activities associated with each stage are clearly indicated. In addition, most important 
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processes in the developed models for specific practices of the selected process areas 
were transferred into requirements for templates. 
4.2.6 Stage 6 
An expert panel review process was conducted to perform the evaluation of the 
proposed models. This process was employed to obtain the views of SPI experts 
regarding “practice satisfaction,”“ease of learning and ease of use,”“user 
satisfaction,” and “applicability to small and medium-sized software development 
organizations” for the proposed models. Our selection of these experts was based on 
their experience in the field of software process improvement. 
A questionnaire was created to obtain the experts’ opinions regarding the models, 
and we extracted some questions from  [93]. These were then tailored and customized 
so they were compatible with our research objectives. This questionnaire had three 
primary sections: a cover letter in which the objectives of the evaluation were 
described, demographics, and model feedback. Four important aspects were 
addressed in the last section of the questionnaire designated for the models’ 
feedback. These aspects were “practice satisfaction,” “ease of use,” “user 
satisfaction,” and “applicability to small and medium-sized software development 
organizations.” We asked an academic researcher to examine the questions prior to 
sending out the questionnaire to the experts for evaluation, and it was determined 
from his response that some of the questions needed to be rewritten in order to 
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produce a clearer, more concise, and more organized questionnaire that would better 
enable us to capture all the necessary data. 
In short, the following points were considered in the evaluation forms: 
 The objective of the questionnaire was described. 
 Some questions were asked about the experts’ experience and knowledge of 
CMMI implementation. 
 The expert reviewers were asked to evaluate the proposed models against the 
“ease of learning and ease of use” criteria. 
 The expert reviewers were asked to evaluate the proposed models against the 
“practice satisfaction” criteria. 
 The expert reviewers were asked to evaluate the proposed models against the 
“user satisfaction” criteria. 
 The expert reviewers were asked to evaluate the proposed models against the 
“applicability of the models to small and medium-sized software 
development organizations” criteria. 
 The expert reviewers were asked if he/she would like to 
provide comments on how we could improve the proposed models. This point 
gave the expert reviewers the chance to respond freely and include more 
information. 
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4.3 Limitation of research design 
This research study was limited in a number of ways, and it is important to express 
three of these limitations in particular. 
1. The SPI expert reviewers were likely to have different views about each of 
the questions in the questionnaire and interpret them in completely different 
ways. In other words, the expert reviewers would have replied to questions 
according to their own interpretations. It is also quite possible that the expert 
reviewers misunderstood the description of the proposed models appended 
with the questionnaire and could have wrongfully interpreted the questions 
that were asked on each proposed model. It is important to note here that 
there was no noticeable evidence of this limitation, as none of the expert 
reviewers ever reported an issue or concern. However, in order to mitigate the 
effects of this limitation, the questionnaire was tested by an academic 
researcher before it was sent to the expert reviewers, and the final version 
was based on the feedback. This was done to ensure that each question was 
clear, and the expert reviewers would understand them all in the same way as 
intended. 
2. The evaluation results were limited by the expert reviewers’ knowledge and 
experiences, but we were confident about the results because all the 
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respondents that were involved in the evaluation process had the necessary 
knowledge and experiences in the fields of SPI and RE. 
3. It is important to mention here that an ordinary literature survey was used as 
the main approach for data collection. However, if a systematic literature 
review was used for data collection, we might get better result because it 
provides in-depth and more thorough results than an ordinary literature 
review. However, we were able to reduce the impact of this limitation by 
performing academia evaluation. 
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CHAPTER FIVE: REQUIREMENTS MANAGEMENT 
(REQM) 
5.1 Requirements Management (REQM) Overview 
Requirements management (REQM) is a basic project management process area at 
CMMI Maturity Level 2. The main aim of the REQM process area is to make sure 
the requirements are managed and consistent with each other throughout the 
conducted project. In other words, they do not contradict each other (O'Regan  [27]). 
Moreover, REQM process area should keep the requirements up to date. In addition, 
such PA plays a major role in ensuring that requirements, project plans, and work 
products remain consistent (Wilkie et al.  [62]). REQM process area involves five 
specific practices.  
Table 8: Requirements Management (REQM) process area 
CMMI 
Practice number 
CMMI practice description 
SP 1.1 Understand requirements  
SP 1.2 Obtain commitment to requirements 
SP 1.3 Manage requirements changes 
SP 1.4 Maintain bidirectional traceability of requirements 
SP 1.5 Ensure alignment between project work and 
requirements 
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As described in Table 8, these practices mainly focus on the understanding of the 
requirements, obtaining commitment to the requirements, managing and controlling 
the changes to the requirements, maintaining bidirectional traceability of 
requirements, and identifying inconsistencies between project work and 
requirements. 
 SP 1.1 – “Understand requirements” 
CMMI Level 2 provides a key specific practice in REQM PA, entitled SP 1.1 
"Understand Requirements." According to CMMI v1.3 specifications  [65], this 
specific practice helps software development organizations successfully understand 
the requirements and the problem domain. It also ensures that all stakeholders have 
established a joint understanding of the requirements for the project, which will 
result in a successful software development project and satisfactory outcomes. 
Achieving and satisfying SP 1.1 will also result in an agreed set of requirements and 
a plan that satisfies both the customers and the users. In addition, such specific 
practice assists in completing the software development process within the given 
time and budget constraints (Persse  [64]). 
It is important to mention here that Niazi et al.  [8] provided an empirical study to 
identify the relative "perceived value" of different specific practices of CMMI Level 
2 PAs based on the experiences of practitioners of small- and medium-sized software 
development organizations in Malaysia and Vietnam. In this study, more than half of 
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the practitioners reported the relative perceived value of SP 1.1 as "high." Lester et 
al.  [63] also provided an empirical study in order to identify the best specific 
practices of CMMI Level 2 process areas followed by both small- and medium-sized 
software development organizations. Their findings showed that SP1.1 had a 
tendency to be the highest importance-specific practice to small organizations and 
the second highest to medium-sized organizations. In other words, SP 1.1 has the 
highest and second highest value in the average values for practice usage in small- 
and medium-sized software development organizations, respectively.  
   SP 1.2 – “Obtain commitment to requirements” 
One of the fundamental practices in REQM PA at CMMI Level 2 is SP 1.2. This 
practice mainly deals with obtaining commitment to the requirements. CMMI v1.3 
specifications  [65] highlight that SP 1.2 aims to control and monitor the agreements, 
commitments, and responsibilities between the involved persons/groups. Persse  [64] 
provided three reasons why SP 1.2 is extremely important. First, it indicates that the 
work is intended to be continual and forward moving, based on the agreements 
between the involved persons/groups. It also helps in setting up and putting in place 
the agreements and concerns. Finally, it emphasizes that the involved persons/groups 
have a chance to not accept the proposed changes when they are asked to approve 
any changes that might happen after obtaining the commitment to the requirements.  
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It is important to mention here that Wilkie et al.  [62] performed an empirical 
study of small- and medium-sized software development organizations in a bid to 
evaluate the CMMI process areas. The authors carried out research to explore the 
challenges such organizations had when adopting CMMI in their environments. They 
identified the perceived value for each specific practice of CMMI Level 2. Their 
findings showed that SP 1.2 had the highest importance-specific practice to such 
organizations. Niazi et al.  [8] also indicated that SP 1.2 is often cited as "high" 
perceived value by Malaysian and Vietnamese software development participants in 
small- and medium-sized software development organizations. In addition, Lester et 
al.  [63] pointed out that SP 1.2 had the highest average value for practice usage for 
REQM PA in medium-sized software development organizations and the second 
highest value in smaller organizations. Consequently, they suggested that more 
consideration and focus should be paid to SP 1.2. 
 SP 1.3 – “Manage requirements changes” 
SP 1.3 is one of the primary practices in REQM process area. This practice deals 
with managing the changes in the requirements. According to the CMMI v1.3 
specifications  [65], SP 1.3 is an essential practice in managing and controlling 
changes that may happen after obtaining commitment to the existing requirement. 
Persse  [64] indicated that SP 1.3 is clearly defined and described to assist in 
managing the constant evolution of the requirements. Once any change is triggered 
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through the requirements change management, the impact of the proposed change 
should be evaluated and analyzed based on the current commitments, work 
breakdown structure, project plan, and other work products. Any change in the 
requirements may immensely impact the software project. Thus, SP1.3 will help 
evaluate the change in requirements and analyze the impact caused with regards to 
the schedule, cost, and quality. In addition, this specific practice will assist in 
identifying the nature and complexity of changed requirements. 
It is necessary to point out that Wilkie et al.  [62] performed an empirical study of 
small- to medium-sized software development organizations in a bid to evaluate the 
CMMI process areas. The authors carried out research to explore the challenges such 
organizations had when adopting CMMI in their environments. Their findings 
showed that both small- and medium-sized organizations failed to show effective and 
efficient strategy plans in evaluating and analyzing the impact of proposed changes 
to the existing requirements.  Niazi et al.  [8] also provided an empirical study to 
identify the relative "perceived value" of different specific practices of CMMI Level 
2 process area based on the experiences of practitioners of small- and medium-sized 
software development organizations in Malaysia and Vietnam. Their findings 
indicated that SP1.3 was often cited as "high." This result confirmed the prior 
findings of other research studies (Niazi  [73]; Niazi et al.  [74]) that emphasized the 
significant role of SP1.3 in managing the requirements of the software development 
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process. Furthermore, Lester et al.  [63] showed that, in terms of the average values 
for practice usage for REQM PA, SP1.3 had the least value in medium-sized 
software development organizations and was the second lowest in smaller ones.  
 SP 1.4 – “Maintain bidirectional traceability of requirements” 
One of the core specific practices in REQM process area at CMMI Level 2 is SP 1.4. 
According to the CMMI v1.3 specifications  [65], SP 1.4 is an essential practice in 
maintaining and supporting the bi-directional traceability of requirements. Once the 
constant evolution of the requirements is controlled and managed, requirements 
traceability is required to be initiated in order to trace a source requirement to its 
resulting work product and to trace each unique work product requirement back to its 
source. CMMI v1.3 specifications also underline that SP 1.4 assists in deciding 
whether or not all source requirements are perfectly tackled. In addition, this specific 
practice helps in determining whether or not all low-level requirements can be 
mapped and verified to a valid source. In other words, such practice assists in finding 
the valid origin and root of all low-level requirements. It is necessary to indicate that 
CMMI v1.3 specifications extremely stress the importance of this practice, especially 
in the case of assessing the impacts of the requirements changes on the current 
commitments, work breakdown structure, project plan, and other work products. 
Persse  [64] highlighted that SP 1.4 contributes to three main project management 
points: trace to plan, trace to anticipate, and trace to know. 
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It is important to mention here that Wilkie et al.  [62] showed that most small- and 
medium-sized software development organizations fail to present effective and 
structured strategy plans in tracing the lifecycle of each requirement. Niazi et al.  [8] 
also indicated that SP1.4 was reported as a "high" perceived value by only 41% of 
small- and medium-sized software development participants. In this study, the 
researchers stress that SP1.4 is one of the most essential elements of the requirements 
management process. This is because it is impossible to manage and control the 
requirements without implementing a well-defined traceability strategy, except for 
very small projects. Furthermore, Lester et al.  [63] illustrated that SP1.4 was the least 
importance-specific practice to small-sized organizations and the second lowest to 
medium-sized organizations.  
 SP 1.5 – “Ensure alignment between project work and requirements” 
SP 1.5 is indicated to be one of the main specific practices in REQM PA at CMMI 
Level 2. According to the CMMI v1.3 specifications  [65], this practice identifies the 
inconsistencies between the project plans and the work products and the 
requirements, and then resolves them by initiating corrective actions. In other words, 
SP1.5 assists in ensuring that the software project plans and work products are 
accurately reflecting the current state of the requirements. It is also considered a 
fundamental practice in keeping the requirements synchronized to software project 
plans and the work products produced across the various phases during project 
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execution. Besides, this practice highlights the importance of proposing corrective 
actions that need to be performed to resolve the inconsistencies. Moreover, Persse 
 [64] considered SP1.5 as the culmination of the other specific practices in 
requirement management process area at CMMI Level 2. 
Persse  [64] goes on further to highlighted two important benefits of applying SP 
1.5, i.e., (1) harmony with plans and (2) harmony with work products. It is necessary 
to illustrate that the first benefit indicates that during the software development 
process, the software requirements may require modifications such as additions or 
deletions. This may result in significant changes in the software project plans. 
Therefore, the requirements, as well as the software project plans, should be kept 
aligned. While the second point highlights that keeping the project’s work products 
aligned with the requirements is considered to be one of the significant activities of 
the requirement management. In other words, the progress of work products should 
be monitored and tracked to ensure that the developed work products of the software 
project reflect the present state of the requirements.  
In addition to the above studies, there are various empirical studies (such as 
Wilkie et al.  [62], Niazi et al.  [8] and Lester et al.  [63]) that were performed in order 
to address the challenges faced by small to medium software development 
organizations, in adopting CMMI Level 2. They also assist such organizations to 
pay more attention to the “high perceived value” of different CMMI Level 2 specific 
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practices (including SP 1.5). Overall, the results of these studies emphasized the 
significant role of SP 1.5 in managing the requirements and also suggested to give 
more consideration and focus to SP 1.5. 
It is important to mention here that Wilkie et al.  [62] showed that 50% of the 
small- and medium-sized software development organizations failed to ensure that 
their plans and work products accurately reflected the present state of their 
requirements. This means that half of these organizations were unsuccessful in 
keeping the requirements updated and synchronized with the project plan and the 
work products that were developed during project execution. Thus, there is a need for 
the organizations to give more consideration to SP1.5. Another study presented by 
Niazi et al.  [8] depicted that 48% of the respondents of small- and medium-size 
software development organizations in Malaysia and Vietnam reported SP1.5 as a 
‘high’ value practice. In Lester et al.  [63], the research findings indicated that SP1.5 
was the third most important practice for both small- and medium-sized software 
development organizations. 
 
It can be concluded that more attention should be paid to SP 1.1, SP 1.2, SP 1.3, 
SP 1.4 and SP 1.5 in REQM process area. In other words, there is a need to give 
careful consideration to these two specific practices and concentrate on them more. 
Although SP 1.1, SP 1.2, SP 1.3, SP 1.4 and SP 1.5 play important roles in the 
success of a software project, not enough research studies have been carried out to 
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support the effective implementation of these two specific practices. Thus, in this 
research, we propose a model for SP 1.1, SP 1.2, SP 1.3, SP 1.4 and SP 1.5 in REQM 
process area. 
5.2 Proposed Models 
5.2.1 SP 1.1–“Understand requirements”   
This section illustrates our findings, which include the guidelines and 
recommendations for understanding the requirements. It also provides the answer to 
RQ1 for SP 1.1. In addition, suitable models and process maps that would help 
develop an understanding of the requirements' providers with regard to the meaning 
of the requirements are presented. This section also describes the development of the 
proposed workflow model for SP 1.1"understand requirements." 
 
5.2.1.1 Related work on understanding the requirements 
Different research studies have been conducted to provide recommendations on 
better understanding the requirements: 
 Azlena et al.  [45] identified the five steps: (1) relation of software project life 
cycle with RE, (2) understanding the definition of requirements engineering, 
(3) proper selection of RE processes, (4) decision of RE deliverables, and (5) 
understanding RE practices.  
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 Saqib et al.  [46] investigated the level of understanding of requirements 
engineering (RE) practices by performing an empirical study on software 
industry organizations in Pakistan. The authors identified the main issues and 
challenges that might be encountered by small and medium enterprises in 
Pakistan during the RE process. Their results highlighted the importance of 
domain understanding in achieving a better understanding of requirements. 
 Persse  [64] provided the following five activities to support and implement 
the understanding of requirements: 
1. Document the requirements: The main advantage of documenting the 
requirements is that the requirements document is shared and 
everyone can access the same set of information at any time. 
Microsoft Word is used by many RE teams to write, update, and 
modify their requirements document. 
2. Identify stakeholders: All people who might be impacted by a project 
should be identified. Also, those who have an impact on a project 
have to be clearly indicated. In addition, the external and internal 
stakeholders have to be identified. The interest and influence of each 
stakeholder can be determined by using stakeholder analysis. 
Stakeholder register is the main output of this activity. 
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3. Distribute the requirements for review: This activity can be 
performed by sending email with the attached requirements 
document to the stakeholders when the need arises. Also, the updated 
versions of the requirements document should be distributed among 
stakeholders from time to time.  
4. Allow time for adequate review: To have a good understanding of 
the requirement, stakeholders need a reasonable amount of time to 
review the requirements document.  
5. Encourage feedback: The comments of stakeholders should be given 
serious consideration. This will encourage stakeholders to understand 
the requirements and give more feedback. Online comment forms, 
email, and issue logs can be used in this activity. 
 Moorthy  [81] wrote a book titled, CMMI Implementation Guide: A 
Practitioner’s Perspective. This book can be considered a reference book for 
software development organizations that have an interest in implementing 
CMMI in their environments.  The author of this book proposed samples of 
typical artifacts that can be used in organizations, and they meet the CMMI 
practices. The typical CMMI artifacts proposed for SP 1.1are requirements 
document, collection of requirements, and mail. 
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 O'Regan  [27] pointed out that achieving and satisfying SP 1.1 will result in an 
agreed set of requirements. In addition, criteria will be established and 
defined in order to assess and accept the requirements.  
 Chrissis et al.  [17] provided examples of evaluation and acceptance criteria, 
i.e. the requirements should be uniquely identified, clearly stated, complete, 
traceable, consistent with each other, and verifiable.  
In addition to the above studies, some models and process maps to better 
understand the requirements have also been proposed: 
 Rickman  [47] proposed a model for understanding the requirement. This 
model is iterative and consists of 21steps. 
 Spiral model of the RE process proposed by Kotonya and Sommerville  [48] 
helps with developing a better understanding of the requirements through 
iteration. This model is used in the general RE process. It consists of 
requirements elicitation, requirements negotiation and analysis, requirements 
documentation, and requirements validation. In this model, the RE process is 
presented in an alternative way. In addition, the decision is made after the 
repetition of different RE activities. In other words, from one round to 
another, all stages of the process are repeated (Sommerville  [49]). In each 
round, details may be added to the requirements. Thus, the requirements 
document is accepted and well understood. It is important to point out that 
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this model helps refine the understanding of the requirements. In this model, 
understanding the requirements can be considered a prerequisite for initial 
design work (Jeffrey  [50]). Moreover, as Leffingwell  [51] stated, “An initial 
pass around the spiral is intended primarily to understand requirements.” 
 O'Regan  [27] proposed a sample process map in which different activities 
help determine and validate customer requirements as well as product 
requirements. The proposed sample process map shows the flow of activities 
associated with REQM process area. In addition, analysis activities, such as 
conduction workshops and creation of business requirements, are also pointed 
out. Updating the requirements document activity, after the requirements 
validation, is also highlighted. Moreover, this process map shows the need for 
the following: business requirements to identify the customer’s needs and 
system requirements to clearly indicate what the software development 
organization is required to provide. 
5.2.1.2 The proposed model for SP 1.1–“Understand requirements”   
Our proposed model for SP1.1"understand requirements" is mainly based on our 
findings from the literature presented in Section 4.2.1.2. The model is divided into 
five essential stages: "Request," "Understand," "Evaluate," "Accept," and "Finalize." 
Certain particular activities associated with each of these stages are clearly indicated. 
Figure 7 shows the proposed workflow model for SP 1.1. 
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The first stage is the "Request" for new projects. This stage was included because 
the request process was found in the requirements process map proposed by O'Regan 
 [27]. As highlighted in CMMI v1.3 specifications  [65] for SP1.1, requirements 
should be provided by appropriate requirements providers based on certain criteria 
that are created to designate suitable channels for the receipt of requirements. 
Therefore, this stage in our model has been structured with a main process called 
"Provide Requirements." That means software requirements must be provided only 
by a designated user/customer to the software project team members/business 
analysts. The requirements can be provided in the form of a Statement of 
Work (SOW), as it is considered to be the most common form of providing 
requirements. In the requirement understanding model (Rickman et al.  [47]), SOW 
was highlighted as a vital element in the first step to understanding the requirements. 
For SP1.1, Persse  [64] highlighted that the main objective of understanding the 
requirements is to ensure that the people involved in the project are comfortable in 
order to come up with a set of approved and base-lined requirements. In order to 
effectively achieve this objective, distinguishing the stakeholders based on a list of 
certain criteria needs to be performed. Considering too many stakeholders will make 
the project difficult to understand. Therefore, the interest and influence of each 
stakeholder should also be determined. 
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Distinguishing stakeholders is a key step in gathering and understanding the 
requirements. It allows the project team to focus on understanding the areas that meet 
the needs of stakeholders. In addition, it helps prioritize the attention and 
management of multiple stakeholders' interests and their influence. In order to tackle 
the understanding of the requirements and the problem domain, stakeholders should 
be identified and distinguished, because it is difficult to understand the requirements 
for a project without first distinguishing who is affected. Therefore, if stakeholders 
are correctly distinguished, they can help the project team successfully gather and 
understand the requirements for the project. If the project team fails to distinguish the 
stakeholders at the beginning of a project, they will have to manage their 
requirements at a later stage, which could lead to project failure. 
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Figure 7: The proposed workflow model for SP1.1–“Understand requirements”   
 
For distinguishing appropriate requirements providers, George Stonehouse et al. 
 [59] highlighted significant criteria that can be used to distinguish between 
stakeholders. For example, a "primary stakeholder" is anyone in the organization 
who is vital, and an "active stakeholder" is any person who participates in the 
activities of the organization. Morris et al.  [58] provided a list of criteria that helps 
identify and distinguish stakeholders based on influence, legitimacy, willingness to 
engage, contribution, and necessity of involvement. Schmeer  [60] outlined various 
stakeholder characteristics, such as power, leadership, and knowledge, that can be 
used to describe the distinctive nature of the stakeholders. Based on cited references, 
Table 9 presents the proposed criteria the project teams need to setup and create for 
distinguishing appropriate requirements providers. 
Table 9: Criteria for distinguishing appropriate requirements providers 
No Criteria Question 
1 Necessity of 
involvement 
If this user/customer was not included, engaged, 
and involved during the development process, can he/she 
derail the process? 
2 Contribution Does this user/customer have useful information about the 
organization? 
Does this user/customer have knowledge about the 
product? 
Does this user/customer have the enough knowledge to 
contribute to the process? 
3 Influence Does this user/customer have decision making authority? 
Does this user/customer have strong power to manage 
decisions during the development process? 
Does this user/customer have the ability to assess impact of 
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a change in the product? 
4 Technical 
know 
Does this user/customer know some technical issues about 
the product? 
5 Level of 
commitment  
Does this user/customer have strong level of commitment 
to the process and the product? 
 
The second stage is "Understand." The understanding of the requirement begins 
with understanding the information contained in the SOW and stakeholder profile. 
Therefore, the input to this stage is the received requirements that are usually 
presented in different structures and forms (e.g., SOW) provided by designated 
users/customers. Based on the software application that needs to be developed, the 
requirements are categorized into different categories such as functional, technical, 
performance, and environment. In particular situations, some requirements may not 
be provided by the designated user/customer. In such cases, the project team must 
understand the business process flow of the designated user/customer in order to 
determine the missing requirements.  
The third stage is "Evaluate." This stage has been included, because it is 
underlined as one of the basic sub-practices in CMMI v1.3 specifications  [65] for SP 
1.1. Furthermore, O'Regan  [27] accentuated the significance of evaluating the 
requirements. The input at this stage is the generated requirements document after 
understanding the information obtained from SOW and the business process flow 
from the designated user/customer. In this stage, the business analyst of the software 
project team should interpret and clarify the requirements documents. In addition, 
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reviewers are involved in order to judge the requirements against objective criteria, 
such as clarity, feasibility, consistency, and testability, for the evaluation of the 
requirements. This stage is essential, because it ensures that the requirements are 
reviewed and that no requirement is missed. The references cited in the literature 
emphasized the major role of reviewing the requirements in improving the 
understanding of the requirements (CMMI v1.3 specifications  [65]; Chrissis et al. 
 [17]; O'Regan  [27]; Persse  [64]; Kotonya and Sommerville  [48]). 
Under the section of SP 1.1, Chrissis et al.  [17] and CMMI v1.3 specifications 
 [65] provide examples of evaluation criteria. Also, O'Regan  [27] suggests some 
criteria that can be used in the requirements evaluation. Based on these references, 
Table 10 presents the proposed criteria the project teams need to establish during 
planning for the evaluation of the requirements for development. 
Table 10: Objective criteria for the evaluation and acceptance of requirements 
Serial 
number 
Criteria Question 
1 Clarity Is each requirement properly stated? 
Does each requirement have only one interpretation? 
2 Feasible  Can each requirement be implemented within 
available resources or technology? 
3 Unique  Is each requirement uniquely defined with no 
duplication? 
 
4 Prioritized  Is each requirement defined business for 
development? 
 
5 Achievable Can each requirement be achieved according to the 
budget and time constraints? 
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The fourth stage is "Accept." After the requirements have met all the objective 
criteria for the evaluation, the software project team will accept and acknowledge 
these requirements for development. It is necessary to point out that the evaluation 
and acceptance of the requirements will take place together. The "Accept" stage has 
been defined in our model, because the acceptance of requirements is explicitly 
indicated in CMMI v1.3 specifications  [65], Chrissis et al.  [17] and O'Regan  [27] in 
the SP 1.1 section. It is also noted in the explanation of the Spiral model of the RE 
process (Kotonya and Sommerville  [48]). 
Lastly, "Finalize" is the last stage in the proposed model. In this stage, the 
requirements are finalized for development by directly involving the designated 
user/customer. After requirements pass the previous stages of 
"Request,""Understand,""Evaluate," and "Accept," the designated user/customer 
becomes involved in this final step. The reason for involving the designated 
user/customer in this stage is because it is stated in the fourth sub-practices for SP1.1 
in CMMI v1.3 specifications  [65] to "reach an understanding of requirements with 
requirements providers so that project participants can commit to them.""Finalize" is 
a mandatory stage in our model, because it will produce/output the agreed set of 
requirements. As stated in CMMI v1.3 specifications  [65] for SP 1.1, "The result of 
these analyses and dialogs is a set of approved requirements." It is significant to 
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underline that the agreed set of requirements is also known as base-lined 
requirements. After that, any changes can only be implemented through approval 
forms and the requirements change management process. 
It is necessary to point out that guidelines have been provided to assist users in 
traversing the proposed model. Appendix A presents the guidelines including 
templates, forms, and checklists that can be utilized to traverse the proposed model. 
It is important to complete the mandatory information required in the 
template/checklists in order to complete a particular step before proceeding on to the 
next step. 
5.2.2 SP 1.2–“Obtain commitment to requirements” 
In this section, our findings, which include the guidelines and recommendations for 
obtaining the commitments to the requirements, are described. This section provides 
the answer to RQ1 for SP 1.2. Furthermore, suitable workflow models for obtaining 
commitments are provided. This section further illustrates the development of the 
proposed workflow model for SP1.2. 
5.2.2.1 Related work on obtaining commitment to the requirements 
Several research studies have been carried out in order to provide recommendations 
for better obtaining the commitments to the requirements: 
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 Verner et al.  [52] indicated that the commitment to the requirements of the 
project participants can be obtained by requesting their participation in the 
development process.  
 Niazi et al.  [8] highlighted that if the project participants are involved and 
consulted in the software development process, they will be more confident. 
In addition, the authors further indicated that the setup of new software 
projects in the absence of consultation with all the stakeholders may lead to 
failure. The failure could occur because the project participants may have the 
impression that the system is not essential. Thus, they will not collaborate on 
efficient execution of the system. 
 Persse  [64] proposed five activities that can be used to implement SP 1.2:  
1. Identify appropriate approver groups: The main aim of this activity is 
to ensure that the people who should approve the requirements are 
clearly identified. These people may have been previously determined 
by the activity of identifying the reviewers. Occasionally, the group 
that is responsible for reviewing a document is also the one that 
approves it. 
2. Incorporate feedback: The basic idea behind this activity is the 
inclusion in the requirements sets of visible feedback from the 
reviewers obtained from SP 1.1. If relevant stakeholders feel that their 
82 
 
comments and feedback were given serious consideration, they will 
commit to the requirements and approve any change that might happen 
after obtaining the commitment. 
3. Set a time limit: The project manager is fully responsible and 
accountable to keep the software development project 
running smoothly, according to the project schedule. The set timeframe 
for the project (with a reasonable deadline for the review process) is 
essential for obtaining commitment to the requirements. 
4. Ensure that commitment allows for future change: The idea behind this 
activity is to ensure that people who will commit to the requirements 
have the chance to change the requirements as needed after obtaining 
the commitments. In other words, they can tweak and adjust the 
requirements through change control board approval and the 
requirements change management process. 
5. Seek signatures: The form to obtain commitment to the requirements 
can be represented in many ways. The most traditional way is to seek 
signatures. Signing is a formal way to describe the commitment and 
the acceptance of the requirements. 
 Hood  [53]explained that one could obtain commitment to the requirements 
by approving the reviewed requirements during a project workshop. 
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 Michael  [82] proposed a simple mapping of CMMI artifacts to SP 1.2, such 
as signing off on an agreed set of requirements and meeting minutes. 
 O'Regan  [27] stressed that all stakeholders and project participants must be 
involved in the process of committing to the requirements. This process 
encompasses all the requirements or changes that might happen after 
obtaining the commitment. 
 Chrissis et al.  [17] indicated the assessment of the impact of the requirements 
when they change is one of the primary sub-practices that needs to be 
performed in order to commit successfully to the requirements. 
In addition to the above-mentioned studies, some models and process maps that 
seek to address and target the commitment process have also been proposed: 
 Kasse  [55] presented commitment process as a critical path for three process 
areas: requirements management, project planning, and project monitoring 
and controlling (see Figure 8). Core activities that need to be performed 
during this process, such as performing independent reviews of the plan and 
estimating the size, cost, and effort of the software project, are proposed. The 
author further indicated that in order to obtain commitment from the project 
participants, the differences between resource requirements and estimates 
must be resolved. In this case, stakeholders and developers should negotiate 
the differences in order to settle the conflicts successfully. All estimates must 
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be negotiated and reconciled before all relevant participants can commit to 
them. The project teams, together with the supporting teams, must possess the 
belief that each requirement can be achieved based on the specified budget, 
time, and performance constraints. Collaboration with senior management is 
also required in order to review the recommitment and the internal or external 
factors.  
 
 
 
Figure 8 Commitment Process (Kasse, 2008) 
 
 David Ing  [56] proposed a workflow model for commitment management 
protocol (see Figure 9). The proposed workflow model for this protocol 
included important issues: (1) supplier and customer involvement in every 
stage of commitment, (2) defining new requirements through a request, (3) 
negotiation after receiving the request, (4) recording progress of the work and 
facilitating the assessment of the outcome, and (5) making the agreement 
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closer to the report of completion. In this work, the author defined the term 
commitment as an agreement between two parties in a bid to produce a 
definite outcome they can accept if it meets the agreed conditions. In the 
context of the sense-and-respond system, the supplier is the first party, who is 
accountable and responsible for bringing the outcome. The other is the 
customer, who must approve the result when it satisfies his or her conditions. 
The author pointed out that defining a need or requirement will result in a 
request and will aid in negotiation and reconciliation. Agreement is also the 
cause of performing the required activities to achieve the outcome 
successfully. The reporting process is also vital, because it records the 
progress of the work and facilitates the assessment of the outcome. The 
author further emphasized that the system is susceptible to risk if a 
commitment is made directly after receiving a request and without 
negotiating and reconciling with the relevant project participants. The risk is 
also higher when feasibility studies are not carried out prior to obtaining the 
commitment. Therefore, negotiations should take place immediately after 
receiving the request in order to minimize the risk. 
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
Figure 9: The Commitment Management Protocol (David Ing  [56]) 
 
 Anum et al.  [83] addressed the development process improvement in the 
context of the Services Software-as-a-Service (SaaS) cloud environment. The 
authors identified the main activities that need to be performed by 
organizations in order to achieve CMMI Level 2 certifications in their SaaS 
cloud environments. A workflow model for SP 1.2 was proposed in the 
context of the Services Software-as-a-Service (SaaS) cloud environment. This 
model highlighted the importance of examining, evaluating, and reviewing 
the final version of project proposals before signing the contract. It also 
indicated that the commitment to the requirements should be obtained by 
signing the financial proposal and the technical proposal. In addition, the 
proposed model underlines that the project manager (PM), VP of 
Engineering, business development representative (BDR), and cloud 
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assessment officer (CAO) have significant roles to play in the development 
process. These responsibilities include evaluating and reviewing the project 
proposals. The review process should also include the scope of the project, 
timelines, cost, and deliverables. The commitment of the PM, BDR, CAO, 
and VP of Engineering must be obtained by signing the financial proposal 
and the technical proposal. The commitment to the technical part of the 
project proposal indicates that the project tasks will be performed and 
completed using the provided resources, the given timeframe, and so forth. 
On the other hand, the commitment to the financial part of the project 
proposal points out that the economic feasibility study is carried out to assess 
the viability of the given project within the estimated cost. The board of 
director's commitment must be provided using the project approval form. 
Finally, a kick-off meeting can be conducted to obtain the commitment to the 
requirements from the whole project team. 
5.2.2.2 The proposed model for SP 1.2 –“Obtain commitment to requirements”  
Our model for SP1.2"obtain commitment to requirements" is based on the findings 
from the literature presented in Section 4.2.2.1. The proposed model describes the 
process flow for obtaining a commitment to the requirements for a software project 
from the project's participants. It also demonstrates how the project's participants can 
commit to the current requirements and any likely changes as requirements evolve. 
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Figure 10 shows the proposed workflow model for SP 1.2 "obtain commitment to 
requirements. The model is divided into five essential stages: "Assess," "Report," 
"Negotiate," "Record," and "Commit." The specific activities associated with each of 
these stages have been clearly indicated. The relevant stakeholders should "sign off" 
on the existing requirements, such as baseline requirements/agreed-upon set of 
requirements. If a new request is received, the five stages are conducted. 
The first stage is "Assess." This stage is based on one of the primary sub-
practices in CMMI v1.3 specifications for SP 1.2. David Ing  [56]considered it the 
main stage in his commitment management protocol. In addition, Anum et al.  [83] 
highlighted the importance of assessing the impact of proposed changes to existing 
commitments. The authors emphasized the significant role of evaluating, analyzing, 
and documenting the impact of the proposed changes on current commitments, the 
work breakdown structure, project planning, and other work products. At this stage, 
the project team and business analyst should have an understanding of the nature of 
the new requirements and the effects of the proposed changes in the requirements to 
existing commitments. They then should classify whether it is a new requirement or 
a requirement change to an existing commitment. After that, the project team should 
carry out an evaluation of the new or changed requirements as well as an analysis of 
the impact. It is necessary for the project managers to employ their expert judgment 
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during the decision-making process in this stage. The activities in the "Assess" stage 
can be considered preparatory exercises for the second "Report" stage. 
During the "Report" stage, the project team and business analyst are given the 
task of preparing a full-impact assessment report. The documents examined should 
include the efforts that might be needed for the change, as indicated in the 
commitment process proposed by Kasse  [55]. Furthermore, any additional resources 
that are necessary for the implementation of the new requirements or the proposed 
changes should be clearly declared. It is important to point out that both the "Assess" 
and "Report" stages can take place together. In other words, these stages can be 
combined and all of their activities carried out as a whole. It is essential to highlight 
that the "Negotiate,""Record," and "Commit" stages should immediately take place if 
the new requirements or the proposed changes to the existing requirements have no 
significant impact. This allows the stakeholders to sign off on the requirements 
without delay. 
The third stage is "Negotiate," which was included because it is highlighted as 
one of the main sub-practices in the CMMI v1.3 specifications  [65] for SP 1.2. In 
addition, O'Regan  [27] highlighted the important role of the "Negotiate" stage. 
Furthermore, Kasse  [55] indicated that stakeholders and developers should both 
negotiate the differences between the resource requirements and estimates in order to 
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settle the conflicts successfully. The author further stressed that the agreement on the 
terms of commitment should be reached through negotiation.  
 
 
Figure 10: The proposed workflow model for SP1.2–“Obtain commitment to requirements” 
 
Numerous research studies have emphasized the role of the negotiation stage in 
successfully obtaining the commitments from the participants on a project or the 
system's requirements (Chrissis et al. [17]; Ing  [56]; Anum et al. [83]). Stakeholders 
and developers at this stage should negotiate and reconcile all the estimates until all 
the relevant participants can commit to them. Before moving ahead and 
implementing any of the new requirements or change requirements, the multiple 
viewpoints and variations between resource requirements and estimates must be 
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resolved. The first step at this stage is to share the impact assessment report with 
relevant stakeholders so it can be reviewed. In other words, this report should be 
distributed among the stakeholders. This step can be performed through a formal 
discussion or by sending emails with impact assessment reports attached to the 
stakeholders and so forth. The second step is to give the stakeholders adequate time 
to review the report, so they can analyze the timelines, cost, and deliverables. The 
stakeholders are given opportunities to provide their comments, observations, and 
feedback after the review process. This can be achieved by conducting meetings, 
providing online feedback, sending emails, and issuing logs. 
The fourth stage is "Record." This stage has been extensively defined in the 
model because the references cited in the literature stressed the significant role of the 
"Record" stage in successfully obtaining commitments to the requirements (CMMI 
v1.3 specifications [65]; Chrissis et al. [17]; O'Regan [27]; Anum et al. [83]). After the 
negotiation stage, the required documents and the impact assessment report should 
be updated. The second step is to prepare in full the necessary documents to be 
submitted to the stakeholders for the "sign off." 
Finally, "Commit" is the last stage. This phase aims to win the commitment of 
the project stakeholders through a sign-off after they have reviewed the necessary 
documents. The project participants are allowed to provide comments and 
contributions on where the document may need further modification (Michael  [82]). 
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This stage has been defined in the model, because it has been noted in the 
references that were cited in the literature (Moorthy  [81]; Michael  [82]). Appendix B 
provides guidelines, including templates, forms, and checklists that can be utilized to 
traverse the proposed model. 
5.2.3 SP 1.3 "Requirements change management" 
In this section, guidelines, recommendations, and suitable models that target 
requirements change management are identified from the literature. This section 
provides the answer to RQ1 for SP 1.3. Moreover, the development of the proposed 
workflow model for SP1.3 "requirements change management" is described. 
5.2.3.1 Related work on managing requirements changes 
Different research studies have been conducted to provide recommendations to 
effectively manage requirements changes: 
 
 McGee et al.  [67] and Pierce et al.  [68] pointed out that the changes in the 
requirements are not problematic; the actual problem is how to deal with 
these changes in an effective manner. 
 Nurmuliani et al.  [70] pointed out that the first step toward effectively 
managing requirements change is identifying the sources of the change.  
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 Barry et al.  [66] indicated that ambiguities in the initial set of requirements, 
as well as poor stakeholders' involvement in the project, drive the changes in 
requirements. 
 Standish-Group  [20] asserted that the management of the changes in 
requirements in an effective and efficient manner can be employed as an 
essential predictor of project success.  
 Standish Group  [72] indicated that requirements management and the change 
management process are important success points for the execution of small 
projects. 
 Persse  [64] presented five fundamental activities for implementing SP1.3:  
1. Know that requirements will change: This is indeed closer to a 
reminder than an activity. Change in the requirements is a likely 
element of the software development life cycle due to the dynamic 
nature of the software environment. Therefore, the project manager and 
developer team should be aware that the requirements will change 
during the project development lifecycle.  
2. Control with baselines: Data management is one of the most 
important activities in project management. It is important to identify 
and specify who requires the right to use which data at what time and 
with which privileges. A Requirements document (such as SRS) is one 
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example of the data that needs to be accessed. It is a technical 
document that moves through each phase of software development life 
cycle. Due to its high significance and wide-ranging impact, it should 
be managed with greater care and responsibility. The project manager 
and developer team are required to monitor changes in the 
requirements in order to ensure that they are working with the most up-
to-date version of the set of requirements. Similarly, the modification 
requests will also be analyzed against the latest build. 
3. Honor your customers’ needs: The software project management 
team is accountable for two significant responsibilities. The first 
responsibility is to deliver a service or product that successfully fulfills 
the client’s business needs. The next responsibility is to manage the 
amount of time, money, and resources that are allocated for the 
software project. 
4. Assess proposed changes: One of the leading roles in project 
management is the assessment of the impact of the requirements 
whenever they change.  All relevant stakeholders should be involved in 
this activity to evaluate the correctness and the needs of each change 
request. They have to identify what probable effects the opposed 
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change may bring to the project. The author recommends using a 
change review committee to assess the change requests. 
5. Incorporate changes in an orderly manner: A proper 
mechanism has to be established in order to release the new versions of 
the baseline requirements. It is important to note that it is the project 
manager’s work to communicate with relevant stakeholders and inform 
them about the result of the change impact analysis. The requirements 
document needs to be up to date in order to ensure that all team 
members have the latest version of this document. This will enable 
them to work on an updated set of requirements in a timely manner. 
 Michael  [82] proposed change audit report and Change Control Board (CCB) 
meeting minutes for SP 1.3. 
 O'Regan  [27] stressed that the change control should be conducted in order to 
assess the impact of the proposed changes.  
 Chrissis et al.  [17] emphasized that any change in the requirement should be 
documented and recorded. In addition, the change history should be 
maintained in order to trace the requirements volatility. 
In addition to the above studies, some models and process maps that address 
requirements change management have also been identified: 
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 Spiral-Like  [84] model consists of four core stages or phases: (1) problem 
owning, (2) problem solving, (3) system engineering and (4) technology-
specific. In the first phase, a few modifications in the shape of latest features, 
addition or errors handling in the system are requested. In the closure of this 
cycle, the management team makes a decision on the importance of the 
modification and whether the change is required or not and how it will be 
implemented. The subsequent stage takes place when the proposed change 
has to be analyzed from a non-technical perspective. The third involves the 
preparation of the outline or layout for the implementation of the 
modification. Implementation is the final phase of the change request process. 
In this period, the requested change is implemented, and the verification of 
the technical solutions is performed.  Although this model can be used for 
requirements change management in the software development lifecycle, it 
does not highlight any negotiation with the concerned customer. 
 Olsen's  [85] change management model is appropriate for software 
development as well as the maintenance phases. The users who propound the 
change in the requirement are regarded as the cause or source of the change. 
The proposed change is then moved forward to the change management 
phase. In this phase, change managers are entirely responsible for managing 
and controlling this change.  Later, the accepted change is sent to the 
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implementation phase where the proposed change is integrated into the 
software project. The implementation of the approved change is then verified 
to ensure that the process is working correctly by testing the implementation 
code and carefully examining the documentation. After the verification phase, 
the change manager is responsible for issuing the change in the software 
project/system to their customers/users. It is important to note that, even 
though Olsen’s model can adequately address the primary activities in 
requirements change management process, the model lacks some essential 
activities. These activities include batching, negotiation with the customer, 
understanding the change request and updating the documents. The activities 
mentioned above tend to be lost in this model. In other words, the Olsen’s 
model does not accord proper attention to these activities. Moreover, the 
model does not provide any information about the actors in the change 
management process. 
 Ince's  [86] change management model supports basic functions, i.e. change 
request, reject, batch, implement, and update. In this model, the 
customers/users and the development team are the primary sources of change 
requests hence the change management process is initialized by them.  As 
shown in Figure 11, the requested change is recorded and saved on the 
change request note. The change request note is then moved forward to the 
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Change Control Board (CCB) in order to make the decision about the change 
request. The CCB is the same for all change management processes 
regardless of change request type. In this proposed model, there are three 
typical types of decisions that can be made by the CCB. These include 
acknowledge/accept, reject/refuse, and batch. If the change request is 
recognized or accepted, the proposed change is then forwarded for 
implementation.  Rejecting/refusing the change request implies that the 
proposed change cannot be applied and implemented hence cannot be 
incorporated and integrated into the software project or system. Batching the 
change request implies that the proposed change will occur after some period. 
A change authorization note must be completed once the change request is 
acknowledged and admitted for implementation. The proposed changes are 
then implemented from that point forward.  The requirements document 
should also be consistently updated and modified, and the validation process 
should be performed immediately after implementation of the changes. Later, 
records of the validation and test activities should be created to report and file 
all changes that have occurred and integrated into the software project. 
Lastly, the configuration documents should be revised, and the stakeholders 
involved informed and notified about the implemented change.  In summary, 
Ince’s model supports the following basis functions: change request, reject, 
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batch, implement, and update. However, it does not support the 
verification/confirmation activity. As a result, it is quite difficult to determine 
whether or not the implementation of the proposed change is working 
properly.  
 
 
Figure 11: Ince’s change process model (Ince,  [86]) 
 
. 
 Niazi et al.  [87] introduced the requirements change management (RCM) 
model for implementing SP 1.3. The RCM supports software development 
organizations in the change management process. This model has five core 
stages: request, validate, implement, verify, and update (see )The research 
was based on two data collection sources. The first source is an extensive 
literature review of SPI and RE that includes research articles, published 
experience reports, and case studies. This is performed in order to provide a 
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list of characteristics that effectively help in managing the requirements 
change process.  Three RCM models are identified for implementing 
specific practice Level 2 of CMMI. These RCM models are Olsen’s change 
management model, Spiral-Like change management process, and Ince’s 
change process model. The second source involves interviewing experts in 
SPI from two companies and aims to identify the major interest of these 
representatives in their RCM processes. The researchers used “ease of use” 
and “user satisfaction” as essential criteria for building the RCM. The first 
stage is “Request” whereby the relevant stakeholders (either internal or 
external) to the software project initiate RCM by requesting a change. A 
requirements change pool is used to record and store the primary information 
about the change request such as a clear illustration of the proposed change, 
justification of change, and the people who initiated the change request. The 
second stage is “Validate” and it involves getting a clear understanding of the 
proposed change.  After this stage, analysis of the proposed change should be 
performed in order to determine the impact of the change in terms of the cost, 
schedule, effort, and risk. The next phase involves making a decision on 
whether or not the change request is accepted. If the change in the 
requirements is accepted, then it is passed to the “implement” stage in order 
to implement and integrate the approved changes to the software project. 
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“Verify” is the fourth stage in RCM and it entails checking whether or not the 
implementation of the recommended change is working correctly. If the 
verification phase is not satisfactory, the change request is carried back to the 
“Validate” stage for additional understanding, observation and evaluation of 
the change request. Lastly, the requirements document is updated, and the 
customers/users informed about the implemented change. The final version of 
the requirements document is then distributed to the concerned stakeholders. 
Lastly, the software products are released to the consumers. It is important to 
highlight that the presented RCM is validated by performing the evaluation 
using the expert review process. 
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Figure 12: Requirements change management model (Niazi et al.,  [87]) 
 Bhatti et al.  [88] proposed a methodology to deal with the changes in the 
requirements of a software project. The proposed methodology consists of six 
basic phases: initiate, receive, evaluate, approve or disapprove, implement, 
and configure the change requests. In the first phase (initiate), the relevant 
stakeholders of the software project begin the change management process by 
requesting a change. “Change Request” is a typical work product that can be 
used in this phase.  The second phase is “receive” whereby the request for 
change is received in a particular form that follows the standard for seeking a 
change. The form is then prepared for consideration and evaluation. The third 
phase is “evaluate” in which the impact of the proposed change is assessed 
and analyzed based on the current commitments and project plans. Timelines 
and cost analysis of the proposed changes should also be included in this 
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phase. It is highly recommended that quality assurance teams be involved in 
the evaluation and the analysis. An “Evaluation Sheet”, which shows the 
evaluation of the proposed changes in detail, can be used as a typical work 
product in this phase. The decision of approving or disapproving the 
requested change is mainly based on the possibility and practicability of the 
proposed changes. If the requested change is admitted and accepted, it is sent 
forward to the next phase, i.e., “implement.”In this phase, an “approval 
notification form” can be utilized as typical work product. If not, the person 
who initiates the change request is informed about reasons for rejection 
through the “reasons of disapproval form.”In the “implement” phase, the 
approved changes are incorporated and integrated into the software project.  
Last, the “configure” stage entails maintaining and storing all change requests 
in a configuration management repository. All activities associated with this 
period should be carried out by a configuration engineer. A “List of 
configuration items” can be utilized in this phase as a classic work product. It 
is necessary to point out that this methodology lacks some vital activities 
such as verification and batch. Therefore, it may not indicate whether or not 
the implementation of the approved changes is working satisfactorily. 
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 Anum et al.  [83] proposed a workflow model for SP 1.3 for SaaS cloud 
environment. In this workflow model, the relevant client of the software 
project/system initiated the workflow model for change management by 
requesting a change to the project manager (PM) and the business 
development representative (BDR). In case the change request was submitted 
to BDR, it was forwarded to PM. A repository was used to store and record 
the change request.   The PM and CCB should be involved and participate in 
evaluating the change request. The impact of the change was evaluated based 
on the current commitments, work breakdown structure, project plan, and 
other work products. The authors defined a number “n” for the impact of 
change. If the impact did not exceed “n”, the proposed changes were accepted 
immediately. If not, a review meeting took place, in order to make a decision 
on whether or not to approve the proposed change. The client was informed 
of the evaluation results and the decision of approving or disapproving the 
change request. The business development representative (BDR) was 
responsible for informing the relevant client about the results and the decision 
taken regarding the change request. In case the proposed change was 
accepted, the requirements document, as well as the project plans must have 
been well updated and maintained. 
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5.2.3.2 The proposed model for SP 1.3 "Requirements change management" 
In this section, we propose an implementation model for the CMMI Level 2 
specific practice SP 1.3 "manage requirements changes" in the REQM PA. The 
proposed model is based on our findings from the extensive literature review 
presented in Section 5.1.1. It effectively controls and deals with any change in the 
requirement that may happen after obtaining the commitment. It has six essential 
stages: "Initiate," "Validate," "Implement," "Verify," "Update," and "Release." 
Particular activities associated with each of these stages have been clearly pointed 
out. Figure 13 shows the proposed model for SP 1.3. 
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Figure 13: The proposed workflow model for SP1.3–“Requirements change management” 
The first stage is called "Initiate." This stage is incorporated in the model, and it 
has been highlighted in the following requirements change management models: Ince 
 [86], Niazi et al.  [87], Bhatti et al.  [88], and Anum et al.  [83]. In this stage, the 
relevant stakeholders identify the need for change in the requirements. Internal and 
external project stakeholders can initiate the requirements change model. The 
initiation is implemented by requesting a change by filling out a change 
request form. The change request is then fed to a requirements change pool 
(repository). A requirements change pool is used to record primary information about 
the change request, such as justification of the change and the people who initiated 
the change request. It is necessary to indicate that the repository is included in our 
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model because the requirements database is considered as one of the essential work 
products in CMMI v1.3 specifications  [65] for SP1.3.  
The second stage is "Validate." This stage is included in the model as highlighted 
in the following references cited in literature: Spiral-Like change management  [84]; 
Ince's change process model  [86]; Niazi et al.  [87]; Anum et al. [83]. This stage 
involves acquiring a clear understanding of the change request. The nature of the 
new requirements or the proposed changes in the requirements of existing 
commitments should be well understood. An evaluation and an analysis of the 
change request should then be carried out to determine the impact of the change in 
terms of the cost, schedule, effort, and risk. It is important to point out that the 
evaluation activity of the impact of the change is included because it is indicated as 
one of the main sub-practices in CMMI v1.3 specifications  [65] for SP1.3. Later, a 
full-impact assessment report should be prepared. This report should clearly show 
the required cost, updated schedule, and any additional resources necessary for the 
implementation of the change request. The final activity in this stage is decision 
making. This proposed model contains three types of decisions: approve, reject, and 
batch. If the change request is approved, it is forwarded for implementation. 
Rejecting the change request implies that the proposed change cannot be applied, 
hence cannot be integrated into the software project. Batching the change request 
suggests that the proposed change will occur after some specified period (future 
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implementation).A change can be rejected due to lack of clarity or inadequate 
budgets. A change could be batched when it is observed to be of much lower priority 
in the current scenario but can affect the system at a later time. 
The third stage is "Implement." This stage is defined in our proposed model 
because it is pointed out in the following references cited in literature: Spiral-Like 
change management  [84]; Olsen's change management model  [85]; Ince's change 
process model  [86]; Niazi et al.  [87]; Bhatti et al.  [88]; Anum et al.  [83]. If the 
change is accepted, it is passed to the "Implement" stage, where the approved 
changes are integrated into the software project. This also involves all the required 
changes to the affected work products, such as design, code, and test cases. 
The fourth stage is the "Verify" stage. This step is included in order to check 
whether the implementation of the recommended change is working correctly. This 
stage is added because it is described as one of the primary steps in the following 
proposed models: Olsen's change management model  [85] and Niazi et al.  [87]. In 
this stage, the implemented change is verified for completeness and correctness 
before being moved to the next stage. It is important to indicate that the change 
request is carried back to the "Validate" stage for purposes of additional 
understanding and evaluation if the verification phase is not satisfactory. This stage 
also helps ensure that there is no negative impact on the previously working 
modules. 
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The requirements documents are then "Updated." The work product revision 
history is updated to reflect the latest change(s), and the revised work products are 
updated into the system repository. Furthermore, the customer/user is informed about 
the implemented change. The final version of the requirements document is 
distributed to the concerned stakeholders. This stage is incorporated because the 
following references cited in the literature stress the significant role of updating the 
requirements for managing the change in the requirements: O'Regan  [27]; CMMI 
v1.3 specifications  [65]; Chrissis et al.  [17]; Persse  [64]; Olsen's change management 
model  [85]; Niazi et al.  [87]; Michael  [82]; Anum et al.  [83]. Moreover, CMMI v1.3 
specifications  [65] underline that documenting the requirements change, maintaining 
the requirements change history, and making the change data available for the project 
are basic sub-practices for SP1.3.  
To conclude, "Release" is the final stage. In this stage, the change is released into 
the production environment, and the final software products are released to the 
consumer. It is necessary to indicate that we have provided guidelines to help the 
users in traversing through the proposed model for SP 1.3. This model is broken 
down into simplified steps. Each of these steps is linked to corresponding 
templates/checklists. It is important to complete the mandatory information required 
in the template/checklists in order to complete a particular step before proceeding on 
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to the next step. Appendix C presents the guidelines including templates, forms, and 
checklists that can be utilized by the user to traverse the proposed model. 
5.2.4 SP 1.4 "Maintaining bidirectional traceability of requirements"  
This section describes our obtained results from the literature, including the 
guidelines and recommendations for maintaining and supporting the bidirectional 
traceability of requirements. Suitable models that would help trace all lower-level 
requirements to a valid source and vice versa are also identified. This section 
provides the answer to RQ1 for SP 1.4. Moreover, this section describes the 
development of the proposed model for SP1.4"maintaining bidirectional traceability 
of requirements." 
5.2.4.1 Related work on maintaining bidirectional traceability of requirements 
Several research studies have been carried out to provide recommendations to 
better maintain requirements traceability: 
 
 Gorschek  [75] and Gorschek et al.  [76] underlined that requirements 
traceability is one of the key activities of requirements management, which is 
an essential part of RE.  
 Ramesh  [77] highlighted that requirements traceability assists in identifying 
the source for each requirement and the issuer.  
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 Abran et al.  [79] indicated that requirements traceability helps in managing 
changes that may happen after obtaining commitment to the existing 
requirement. In other words, traceability is required during the impact 
analysis activities in order to evaluate the effect of each requirement due to 
the proposed change. 
 Persse  [64] stressed that there is no need to have a certain tool to perform 
SP1.4. Simple spreadsheets could be used to maintain the traceability of the 
requirements.  
 Moorthy  [81] considered traceability matrix to be a main CMMI artifact for 
SP1.4. 
 Michael  [82] considered Requirement Traceability Matrix (RTM), project 
review meeting minutes, CCB meeting minutes, and project status reports to 
be main CMMI artifacts for SP 1.4. 
 O'Regan  [27] indicated that SP 1.4 can be achieved by using RTM as a 
typical way to trace all lower-level requirements to a valid source and vice 
versa. RTM can be implemented by using a simple Excel spreadsheet.  
 Chrissis et al.  [17] pointed out that generating RTM is a necessary sub-
practice in order to maintain the bidirectional traceability of the requirements.  
 Anum et al.  [83] indicated that RTM should be generated in order to perform 
the traceability. This matrix is a two-dimensional array that lists all 
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requirements of the software project in one column. The remaining columns 
are used to list project related activities, plans, and other work products. 
Furthermore, some models and process maps that address the requirements 
traceability have also been identified from the literature: 
 
 Ramesh et al.  [89] proposed a low-end traceability model based on multiple 
empirical studies. This model is appropriate in the applications that involve 
the following operations on the requirements: decomposition, allocation, 
compliance verification, and change control. Software systems that can adopt 
such a model should have the typical complexity with about 1000 
requirements. In this model, requirements traceability could be seen as a link 
between the initial requirements and the real components. High-level system 
requirements were used in order to derive and obtain low-level requirements. 
The original requirements, as well as lower level refined requirements were 
derived from higher level system requirements. The Original and derived 
requirements were allocated to the system and its components.  All the 
requirements were verified by determining the dependencies between 
requirements and system components. In other words, capturing the 
components that satisfied requirements and mapping components to 
requirements was necessary in order to verify that all requirements were 
perfectly tackled. For the compliance verification phase, the requirements 
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database was used to retrieve the last updated version of the system’s 
requirements. After that, tests or simulations were developed. The proposed 
model highlighted that once any change is triggered, the traceability links are 
used to determine the compliance verification procedures. In addition, a 
requirements database should be used in this model to retrieve the last 
updated version of the system's requirements. The obtained results from the 
tests or simulations were used to show that all of the requirements were well 
addressed and met 
 
 Kirova et al.  [90] proposed a traceability model for Alcatel-Lucent's Wireless 
Business Group project. The model is divided into four stages: "customer 
requests,"" features," "requirements and architecture artifacts," and 
"development and verification artifacts". In this model, a typical tracing starts 
with features provided through customer requests and goes through 
requirements levels, including architecture, design, and test. The proposed 
model provided the opportunity to create the multi-dimensional traceability 
matrix in a gradual manner. It is important to underline that the bidirectional 
traceability of requirements were maintained at each level of the 
decomposition. Furthermore, “system requirements” as well as “architecture 
requirements” were mapped to high-level and/or low-level design. They were 
also linked to verification test cases. To support this model, the authors 
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implemented automated traceability environment (also known as 
TraceabilityWeb). TraceabilityWeb strongly helped investigate repositories 
that were needed for the artifacts. It also assisted in auto-generating the maps 
between the artifacts. Azmi et al.  [91] highlighted that the traceability model 
proposed by Kirova et al.  [90] had the ability to trace the artifacts at different 
levels of granularity. In addition, it was tool supported. Furthermore, both 
configurable control and notification procedures were adopted in this model. 
The author also underlined that the change impact analysis process that was 
adopted in this model was simple and smooth. On the other hand, such model 
was only applicable and appropriate to small teams.  
 
5.2.4.2 The proposed model for SP 1.4 "maintaining bidirectional traceability 
of requirements" 
Our model for SP1.4 "maintaining bidirectional traceability of requirements" is 
mainly proposed based on our findings from the literature presented in Section 
4.2.4.1. This section illustrates our findings, including the guidelines, 
recommendations, and suitable models for maintaining the bidirectional traceability 
of requirements. Figure 14 shows the proposed workflow model for SP 1.4. The 
proposed model is divided into six essential stages: "Request," "Maintain," 
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"Validate," "Allocate," "Verify," and "Release." In addition, we clearly presented 
certain activities associated with each of these stages.  
Our model starts with a relevant user/customer providing the new/changed 
requirements request. Then, the request is fed to the requirement/feature (repository) 
in order to record basic information about the request. This stage is included in our 
requirements traceability model, as it was highlighted in the traceability model 
proposed by Kirova et al.  [90]. It is necessary to underline that such a repository is 
included in our requirements traceability model because CMMI v1.3 specifications 
 [65] for SP1.4 highlighted that the traceability can be performed by using simple 
spreadsheets, databases, or any other ordinary tools. In addition, requirement/feature 
(repository) has been cited in the traceability model that was introduced by Kirova et 
al.  [90]. It is necessary to point out that CMMI v1.3 specifications  [65] stress the 
important role of SP1.4, especially in the case of assessing the impacts of the 
requirements changes on the current commitments, work breakdown structure, 
project plan, and other work products. 
The second stage in our model is "Maintain." This stage involves developing a 
clear understanding of the request. The analysis activity is needed because the user 
requirements are predominantly high-level, thus, they may also need to be split into 
more manageable parts. In addition, any implied and derived requirements should 
also be identified and recorded into the software requirements specifications. This 
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includes mapping all lower-level requirements to a valid source and vice versa. This 
stage is included in the model, as highlighted in the following references cited in 
literature: CMMI v1.3 specifications  [65]; Chrissis et al.  [17]; O'Regan [27]; O'Regan 
 [27]; Abran et al.  [79]; Anum et al.  [83]. 
 
 
Figure 14: The proposed workflow model for SP1.4–“maintaining bidirectional traceability of requirements”  
The third stage is "Validate." This stage is needed to review the updated software 
requirements specifications in order to ensure that all the derived requirements are 
well-mapped and documented. After that, relevant stakeholders commit the request 
as well as its impact (Persse  [64]). All the signed-off requirements are updated into 
the RTM. 
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The fourth stage is the "Allocate" stage. The requirements are allocated to the 
work products across phases based on the impact of the requirements changes. The 
derived requirements are then translated into the design of the end product. As a 
result, design, code, and the corresponding sections in RTM specifications are 
updated. O'Regan  [27], Moorthy  [81]  and Michael  [82] highlighted that the 
requirements traceability matrix must be updated after any change that may happen 
after obtaining commitment. Therefore, the requirements traceability matrix should 
be updated at the end of each phase in order to depict the linkage of each of the 
requirements. 
The fifth stage is the "Verify" stage. This stage is included in order to check 
whether the implementation of the finished product is working correctly. Test cases 
for the finished product are created to ensure that all the requirements are well 
addressed and met. This stage is added because it is described as one of the primary 
activities in the following proposed models: Low-End Traceability Model (Ramesh 
et al.  [89]) and traceability model (Kirova et al.  [90]). In this stage, the final product, 
including the proposed change, is verified for completeness and correctness. Once 
the test cases are created, they are updated into the RTM. In case of any further 
change in test cases, which might have an impact on other modules, the RTM must 
be updated accordingly. The latest update on design, code, test cases, the final RTM, 
and the final work products should be recorded into the system repository.  
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The final stage is "Release."In this stage, the final software product is released to 
the consumer. In addition, product features and requirements documents are updated. 
Appendix D provides guidelines including templates, forms, and checklists that can 
be utilized by the user to traverse the proposed model. 
5.2.5 SP 1.5 " Ensure alignment between project work and requirements"  
This section presents our findings from an extensive literature review of SPI and RE, 
SPI models such as CMMI, and software requirements engineering. Guidelines for 
ensuring the alignment between the project plans and the work products and 
requirements are identified. Moreover, suitable workflow models that would help 
keep the requirements updated and synchronized with the project work products are 
illustrated. This section further presents the development of the proposed workflow 
model for SP1.5“Ensure alignment between project work and requirements.” 
 
5.2.5.1 Related work on ensuring alignment between project work and 
requirements 
Various studies have been done to adequately ensure alignment between project 
work and requirements: 
 Jonasson  [92] pointed out that identifying inconsistencies between the project 
work products and the requirements is one of the key activities of 
requirement management, which is essentially part of RE. 
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 Persse  [64] indicated that the SP1.5 requirements could be met by holding 
periodical meetings, conducting peer-reviewed examinations, and performing 
in-progress checkings. The author further highlighted that one of the most 
significant responsibilities of project management is to ensure that the 
software project plans perfectly reflect the state of the requirements at any 
point in time. To ensure this alignment, the requirements should be compared 
with project milestone deliverables in prearranged and established phases. 
Review meetings can also be held to achieve this practice. 
 Moorthy  [81] proposed “updating of project plan” to be a typical CMMI 
artifact that could be used by organizations to satisfy SP1.5.  
 Michael  [82] considered peer review defect logs and quality assurance audit 
reports as core artifacts for implementing SP1.5. 
 O’Regan [27] indicated that the requirements management process area 
ensured that the requirements were kept aligned with the software project 
deliverables. Throughout the project execution, the software project 
management should maintain the latest version of the approved set of 
requirements. From this set, all software project activities should be 
accurately planned. Therefore, SP1.5 should be introduced as specific 
practice in the requirements management process areas. 
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 Chrissis et al.  [17] stressed that “indicating the main cause of the 
inconsistency” and “identifying the changes needed to be performed on the 
project plans and work product” are regarded as basic subpractices that 
satisfied SP1.5. The authors further indicated that corrective actions should 
also be established to resolve inconsistencies. In addition, the requirements 
traceability matrix (RTM) is highlighted as a typical CMMI artifact that could 
be used to help in reviewing process.  
In addition to the above research studies, some models and process maps that 
target the alignment between project work and requirements have also been 
proposed: 
 Kasse  [55] indicated that once requirement change request was approved, all 
life-cycle work products should be kept consistent, and the software 
requirements specification should be updated accordingly. The review 
process should also be performed on all related project work products to 
identify any change that has taken place. This was done to ensure the 
consistency and integrity of the project work products and the requirements. 
It is, therefore, necessary to maintain the consistency of the design, coding, 
and testing artifacts with the requirements throughout the lifecycle of the 
software project. Thus, the relationships between the requirements of the 
software project, design, coding, and testing artifacts should be accurately 
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traced. The changes that may affect the requirements should also be tracked. 
In addition, the inconsistencies between the software artifacts and the 
requirements of the project should be clearly identified, and action items 
should be created in order to resolve the inconsistencies. In terms of 
configuration auditing, the functionalities of the software product should be 
compared to the requirements. Furthermore, the documentation that includes 
maintenance activities should also be aligned with the requirements. Software 
product components should satisfy the software requirements as well as all 
the accepted proposed changes in the requirements. Examination and 
evaluation need to be performed in order to verify that the software product 
and its work products and documentation are consistent. In order to check and 
verify the consistency of the software product specifications, requirements 
traceability matrix can be used. 
 
 Anum et al.  [83] proposed a model for CMMI Level 2 specific practice 1.5 in 
the context of Software-as-a-Service (SaaS) cloud environment. In this 
model, the reviewing process is conducted through project activities, plans, 
and project work products in order to keep them consistent with the 
requirements as well as with the requirements changes. The authors also 
highlighted that if any inconsistency is triggered, corrective actions should be 
put in place in order to resolve it. 
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5.2.5.2 The proposed model for SP 1.5 " Ensure alignment between project 
work and requirements" 
The model for SP1.5“Ensure alignment between project work and requirements” 
has been developed. It has been proposed based on the findings from the literature 
presented in Section 5.2.5.1. This proposed model effectively keeps the requirements 
updated and synchronized with the project work products. Six core stages, namely, 
request, plan, review, identify, discuss, and rework, have been included in the model. 
In addition, we have described certain activities that are associated with each of these 
stages (see Figure 15). The model begins with a request to review activity at every 
phase of the development of the software. This can be initiated as well when there is 
either a key change made or a group of important changes that have to be carried out 
in the project. 
The second stage is “plan.” This stage involves developing a clear understanding 
of the request. Following that, the project manager and business analyst need to 
create a review plan that helps conduct the review process of the artifact. During this 
stage, the project manager needs to make sure the plans and work products are both 
fully ready and available for the review process. In addition, the availability of the 
resources as well as the review procedures that are required to conduct a full 
technical review should be guaranteed and confirmed. It is also possible he/she might 
occasionally adjust the schedule so as to match the resource’s availability. 
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“Review” is the third stage, where a technical review of the artifact, RTM, work 
products, and project plans is undertaken by the reviewers. This stage also involves 
review of the design, code, and test cases. It is defined in our model because it is 
noted in Chrissis et al.  [17], Persse  [64], and Anum et al.  [83]. It is also highlighted 
in the form of CMMI mapping for REQM PA at CMMI Level 2 that was proposed 
by Michael  [82]. The review stage is considered a critical stage because an effective 
and efficient review process will result in ensuring the alignment between project 
work and the requirements. This stage also helps to identify any inconsistencies that 
exist between the various work products. RTM is underlined by Chrissis et al.  [17] as 
a typical CMMI artifact that can be used to help in the review stage. Furthermore, 
Kasse  [55] and Anum et al.  [83] highlighted the important role that RTM plays in 
making sure that the project work and the requirements are aligned correctly. 
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Figure 15: The proposed workflow model for SP1.5–“Ensure alignment between project 
work and requirements 
 
“Identify” is the fourth stage. This is when the reviewers highlight their findings, 
list them correctly, and indicate any inconsistencies they see in the artifact. CMMI 
v1.3 specifications  [65]stress how important it is to identify and indicate the sources 
of such inconsistencies. As a result, this stage is incorporated into our model. Also, 
this stage is cited in the model proposed by Anum et al.  [83] for identification of 
inconsistencies in SaaS cloud environment. 
The fifth stage is “discuss.” This stage is introduced in our model as noted in the 
following references cited in the literature (Persse  [64]; Anum et al.  [83]). This stage 
is included so as to share the findings with the owner of the work product and the 
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project team, including the project manager. An analysis of the findings is then 
carried out. This is because it is possible a reviewer could have failed to understand 
the design or requirements of the project. A review feedback document is then used 
to record the findings that have been validated. Based on the findings that indicate 
the verified inconsistencies, corrective actions are initiated in order to resolve these 
inconsistencies. Any rework that is performed on the work products/plans will be 
based on these corrective actions. It is important to highlight here that initiating 
corrective action is a primary subpractice that is proposed by the CMMI v1.3 
specifications  [65] for SP1.5. Moreover, corrective actions are regarded by Chrissis 
et al.  [17], O’Regan  [27], and Anum et al.  [83] as being essential in resolving any 
inconsistencies that have been found between the project plans, the work products, 
and the requirements. 
Finally, “rework” is the last stage in the proposed model. In this stage, the rework 
process is performed on the work products or project plans based on the initiated 
corrective actions. This stage is included in the our model because in CMMI v1.3 
specifications  [65], Chrissis et al.  [17], Kasse  [55], O’Regan  [27], and Anum et al. 
 [83] underlined the importance of applying the corrective actions on the work 
products/plans to resolve the inconsistencies between the project work and the 
requirements. This implies the strong need for having the “rework” stage, which 
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performs rework process on the work products/plans based on the initiated and 
agreed corrective actions. 
The necessary changes of the work products or project plans are then presented 
for a verification process to ensure that no feedback is missed and that the project 
work is aligned with customer requirements. Once the documents are verified, all 
review findings are incorporated, and the project work is aligned with the 
requirements, and the work products and all associated documents are updated into 
the system. If the verification is not successful, all related documents are then sent 
back to the “discuss” stage for further analysis of the inconsistencies between the 
project plans, the work products, and the requirements. 
5.3 Evaluation of the proposed models  
5.3.1 Evaluation of the proposed models through an expert panel review 
process  
We conducted an expert panel review process to seek the opinions of software 
process improvement experts about different aspects of the evaluation of our 
proposed workflow models. It is vital to mention that all expert reviewers involved in 
the evaluation process have adequate knowledge of SPI implementation, SPI models 
(such as CMMI), and software requirements engineering. As far as identifying the 
expert reviewers is concerned, it is worth mentioning that one of the expert reviewers 
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was an acquaintance through whom we were able to reach many other expert 
reviewers. The SPI reviewers involved in the evaluation were selected based on their 
experience in the field of software process improvement. The experts' profiles are 
presented in Table 11. 
 
Table 11 SPI experts’ profile 
SPI 
expert 
Job title Experience of SPI  
expert (years) 
Knowledge of 
CMMI 
(Low 1 -  5 High) 
1 Project manager 15 4 
2 Project manager 13 4 
3 Project manager 9 4 
4 Software developer 7 3 
5 Software developer 10 4 
 
 
 
The SPI experts were categorized into three categories based on their experience 
and knowledge. According to Khan et al.  [133], the researchers can define their own 
criteria in order to determine different levels of expert reviewers. 
Table 12: CATEGORIES OF EXPERTS 
Experts’ level Experience of SPI  expert (years) Knowledge of CMMI 
(Low 1 -  5 High) 
Junior (1–8) years  1-3 
 
Intermediate (9–12) years 4 
 
Senior (13+) years 4-5 
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In order to obtain SPI experts' feedback about our proposed models, a 
questionnaire was developed. Some questions were adapted from (Niazi  [93]) to 
satisfy the objectives of this research. The questionnaire consists of three core parts: 
a cover letter (consent form) in which we briefly describe the purpose of this 
evaluation, demographics, and model feedback. The model feedback portion 
addresses the following important aspects: practice satisfaction, ease of use, user 
satisfaction, and applicability to small- and medium-sized software development 
organizations. Before asking the SPI experts to fill out this questionnaire, an 
academic researcher reviewed and examined the questions. Based on his feedback 
and comments, we have made changes to some questions in order to make the 
questionnaire clearer and more logical to respondents (see Appendix E). A summary 
of the main conclusions from the data collected is presented below and shown in 
Table 13. 
In regards to the question related to "practice satisfaction," on a five-point scale 
where the choices range from "strongly agree" to "strongly disagree," all the expert 
reviewers selected either "strongly agree" or "agree" for both models that were 
proposed for SP 1.1 and SP1.2. In other words, for the proposed model for SP 1.1, 
three of the experts selected "strongly agree," while the other two selected 
"agree."For the model proposed for SP1.2, one of the experts selected "strongly 
agree," and the other four selected "agree." For the proposed models for SP1.3 and 
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SP 1.4, four out of five experts chose either "strongly agree" or "agree" for each of 
them. For one proposed for SP 1.5, four out of five experts chose “agree.” These 
results clearly indicate that the proposed models satisfied the CMMI v1.3 
specifications, as the question related to practice satisfaction was designed according 
to the objectives of each specific practice stated in the CMMI v1.3 specifications. 
Two clearly defined questions were asked about "ease of learning and ease of 
use" (i.e., RQ2) in the evaluation form for each specific practice. The first question 
was related to the overall clarity of the proposed model's representation, and the 
second was about the range of knowledge that is required to use the proposed model. 
In other words, the experts were asked the following two questions about "ease 
of learning and ease of use" (i.e., RQ2) for each proposed model: 
1. How clear is the representation of the proposed workflow model using a scale of 
1 to 5, with 5 = "very clear" and 1 = "not at all?" 
2. How much knowledge of CMMI is required to learn how to use our proposed 
workflow model using a scale of 1 to 5, with 5 = "too much knowledge" and 1 = 
"not at all?" 
For the first question, four of the five experts chose either 5 or 4 on a five-point 
scale that ranged from "very clear" to "not at all" for the proposed model for SP 1.1. 
For the model proposed for SP 1.2, three of the expert reviewers selected 5, while the 
other two experts selected 4 on the same scale. For the one proposed model for 
130 
 
SP1.3, all of the experts selected "5" or "4" on the five-point scale for the proposed 
model for SP1.3. For the proposed model for SP1.4, all of the experts selected "5" or 
"4" on the five-point scale, except for one expert who selected "3."  For the one 
proposed for SP 1.5, four out of five experts chose “4”. These results showed that the 
SPI experts involved in the evaluation stage generally did not have difficulty 
understanding and learning these proposed models. Neither did they have any 
problems understanding the workflow, i.e. the series of activities associated with 
each stage of the proposed models. 
For the second question, the SPI expert reviewers were asked to answer the 
question using a scale of 1 to 5, with 5 being "too much knowledge" and 1 being "not 
at all." We observed that four out of five experts selected 1 or 2 on this scale for both 
models.  
The second question was about the range of CMMI knowledge that is required to 
use the proposed model. In this question, the SPI expert reviewers were asked to 
answer the question using a scale of 1 to 5, with 5 being "too much knowledge" and 
1 being "not at all." We observed that four out of five experts selected 1 or 2 on this 
scale for the models that were proposed for SP 1.1, SP 1.2, SP 1.3 and SP 1.5. In 
addition, for the model proposed for SP 1.4, two experts selected "1," two experts 
selected "2," and one expert selected "3" on the same scale.  
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Thus, it can be noted that the SPI experts directly learned how to use and adopt 
the proposed model. Based on the responses to the first and second questions related 
to "ease of learning and ease of use," it can be concluded that the proposed models 
were generally both clear and easy to understand, as the experts didn't require a lot of 
CMMI knowledge to understand them. It is important to mention here that the SPI 
expert reviewers believed that dividing each of the proposed models into five core 
stages helped them quickly understand these proposed models. This was 
encouraging, as it meant that we had created models that were both comprehensive 
and concise. 
In order to evaluate the proposed models against the "stakeholder satisfaction" 
criteria (i.e., RQ3), the experts were asked two specific questions about each model. 
The first one was related to the usefulness of the model in the software industry, 
while the second one was related to the improvements that could be gained on 
quality software products by adopting the model. On each proposed workflow model, 
the following two questions were asked: 
1. How useful would it be to the software industry to use our proposed workflow 
model using a scale of 1 to 5, with 5 = "very useful" and 1 = "not at all?" 
2. The use of our proposed workflow model would improve the software 
process and lead to the production of high-quality software products. (Use the 
five-point scale of "strongly agree" to "strongly disagree.") 
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After collecting the replies to the first question, we noted that all the expert 
reviewers selected either "5" or "4" for the models that were proposed for SP 1.1 and 
SP1.2 on the five-point scale, with 5 = "very useful" and 1 = "not at all. Moreover, 
four out of five expert reviewers selected "5" or "4" on the same scale for the models 
that were proposed for SP 1.3, SP 1.4 and SP 1.5. These results show that all of the 
proposed models are useful to the software industry. They can also help software 
organizations implement SP 1.1, SP 1.2, SP 1.3, SP 1.4 and SP 1.5 of the REQM 
process area at CMMI Maturity Level 2 quickly.  
When it came to the second question, for the proposed model for SP 1.1, two of 
the expert reviewers selected "strongly agree," and the other three experts selected 
"agree." For the model proposed for SP 1.2, four experts chose "agree," and one 
selected "neutral" on the same scale. For the models that were proposed for SP 1.3, 
SP 1.4 and SP 1.5, most (80%) of the experts had the opinion that the use of these 
two proposed workflow models would improve the software process as well as lead 
to the production of high-quality software products. These results showed that 
utilizing the proposed models could enhance the software process. In addition, such 
models will assist in producing a high-quality software product. Based on 
the collected responses to the first and second questions, it can be concluded that the 
proposed models ensure there is "user satisfaction." 
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We also examined the "applicability of the models to small- and medium-sized 
software development organizations" (i.e., RQ4), and asked the expert reviewers to 
rate every one of the proposed models by using our five-point scale to make a rating 
of this statement: "Our proposed workflow model is applicable to small- and 
medium-sized software development organizations. In other words, it can be applied 
to both small- and medium-sized software development organizations."  
For the proposed model for SP 1.1, all of the experts chose "strongly agree" or 
"agree." For the model proposed for SP 1.2, two experts selected "strongly agree," 
two selected "agree," and one selected "neutral." For the proposed models for SP1.3 
and SP 1.5, one expert selected "strongly agree," three selected "agree," and one 
selected "neutral." For the proposed model for SP1.4, three experts selected "agree," 
and two experts selected "neutral."  Overall, the results of the expert evaluation 
showed that our proposed models are applicable to small and medium-sized software 
development organizations. This means that they can be applied to both small and 
medium-sized software development organizations. 
Finally, according to the evaluation, we are assured that our proposed models are 
easy to use and learn. Moreover, the proposed models can assist small- and medium-
sized software development organizations in implementing SP 1.1, SP 1.2, SP 1.3, 
SP 1.4, and SP 1.5 of the REQM process area, as stated by CMMI v1.3 
specifications. Our models can also be applied to such organizations. The SPI experts 
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have also asserted that our proposed models are useful, as they would help increase 
the depth of knowledge of SPI practitioners on the requirements management process 
area of CMMI Level 2.  
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5.3.2 The novelty of the proposed models 
It is important to underline here that the major differences that exist between the 
proposed model for SP1.1 and the earlier models found in the literature suitable for 
understanding the requirements are presented in Table 14. Likewise, Table 15 shows 
the key differences between the proposed model for SP1.2 and previous models 
suitable for obtaining the commitment to the requirements. In addition, the main 
differences that exist between the proposed model for SP1.3 and the earlier models 
found in the literature suitable for requirements change management are highlighted 
in Table 16. Likewise, Table 17 presents the major differences between the proposed 
model for SP1.4 and previous models suitable for requirements traceability.  
 
Table 14: The main differences that exist between the proposed model for SP 1.1 and the 
earlier models found in the literature suitable for understanding the requirements 
 Reference The 
proposed 
model for 
SP 1.1 
 [48]  [47]  [27] 
A model that is staged or phased ·  
· 
 
· 
 
· 
 
Developing the model according to the objectives 
of SP 1.1 stated in the CMMI specifications. 
   · 
Addressing the REQM process area at specific 
practice level 
   · 
For small- and medium-sized organizations in 
particular 
   · 
The development of the model based on specific 
criteria(i.e., ease of use, stakeholders' 
satisfaction) 
 
   · 
The evaluation of the model regarding "practice 
satisfaction,""ease of learning and ease of use," 
   · 
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"user satisfaction," and "applicability to small- 
and medium-sized software development 
organizations" performed 
Templates/forms/checklists presented    · 
Guidelines that aim to help users go through the 
model provided 
   · 
The main steps of the model are linked to 
corresponding templates, checklists, and forms  
   · 
 
Table 15: The main differences that exist between the proposed model for SP 1.2 and the 
earlier models found in the literature suitable for obtaining the commitment to the 
requirements 
 
    Criteria for  
Comparing Models 
Reference The 
proposed 
model for 
SP 1.2 
 [55]  [56]  [83] 
A model that is staged or phased ·  
· 
 
· 
 
· 
 
Developing the model according to the objectives 
of SP1.2 stated in the CMMI specifications. 
   · 
Addressing the REQM process area at specific 
practice level 
  · · 
For small- and medium-sized organizations in 
particular 
   · 
The development of the model based on specific 
criteria(i.e., ease of use, stakeholders' 
satisfaction) 
   · 
The evaluation of the model regarding "practice 
satisfaction,""ease of learning and ease of use," 
"user satisfaction," and "applicability to small- 
and medium-sized software development 
organizations" performed 
   · 
Templates/forms/checklists presented    · 
Guidelines that aim to help users go through the 
model provided 
   · 
The main steps of the model are linked to 
corresponding templates, checklists, and forms  
   · 
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Table 16: The main differences that exist between the proposed model for SP1.3 and the 
earlier models found in the literature suitable for requirements change management 
 
Criteria for 
Comparing Models 
Reference The 
proposed 
model 
for SP 
1.3 
 [84] 
 
 [85]  [86]  [87]  [88]  [83] 
A model that is staged or 
phased 
· · · · · · · 
 
Developing the model 
according to the objectives of 
SP1.3 stated in the CMMI 
specifications. 
       
Addressing the REQM process 
area at specific practice level 
       
For small- and medium-sized 
organizations in particular 
       
The development of the model 
based on specific criteria(i.e., 
ease of use, stakeholders' 
satisfaction) 
       
The evaluation of the model 
regarding "practice 
satisfaction,""ease of learning 
and ease of use,""user 
satisfaction," and "applicability 
to small- and medium-sized 
software development 
organizations" performed 
       
Templates/forms/checklists 
presented 
       
Guidelines that aim to help 
users go through the model 
provided 
       
The main steps of the model 
are linked to corresponding 
templates, checklists, and forms 
       
 
 
 
Table 17: The main differences that exist between the proposed model for SP1.4 and the 
earlier models found in the literature suitable for requirements traceability 
Criteria for Reference The 
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Comparing Models  [89]  [90]  [83] proposed 
model 
for SP 
1.4 
A model that is staged or phased ·  
· 
 
 · 
 
Developing the model according to the objectives 
of SP1.4 stated in the CMMI specifications. 
   · 
Addressing the REQM process area at specific 
practice level 
  · · 
For small- and medium-sized organizations in 
particular 
   · 
The development of the model based on specific 
criteria(i.e., ease of use, stakeholders' satisfaction) 
   · 
The evaluation of the model regarding "practice 
satisfaction,""ease of learning and ease of 
use,""user satisfaction," and "applicability to small- 
and medium-sized software development 
organizations" performed 
   · 
Templates/forms/checklists presented    · 
Guidelines that aim to help users go through the 
model provided 
   · 
The main steps of the model are linked to 
corresponding templates, checklists, and forms  
   · 
 
Table 18: The main differences that exist between the proposed model for SP1.5 and the 
earlier models found in the literature suitable for ensuring the alignment between project 
work and the requirements 
 Reference The 
proposed 
model for 
SP 1.5 
 [48]  [57] 
 
 
A model that is staged or phased ·  
· 
 
· 
 
Developing the model according to the objectives 
of SP 1.5 stated in the CMMI specifications. 
  · 
Addressing the REQM process area at specific 
practice level 
 · · 
For small- and medium-sized organizations in 
particular 
  · 
The development of the model based on specific   · 
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criteria(i.e., ease of use, stakeholders' satisfaction) 
 
The evaluation of the model regarding "practice 
satisfaction,""ease of learning and ease of use," 
"user satisfaction," and "applicability to small- 
and medium-sized software development 
organizations" performed 
  · 
Templates/forms/checklists presented   · 
Guidelines that aim to help users go through the 
model provided 
  · 
The main steps of the model are linked to 
corresponding templates, checklists, and forms  
  · 
 
 
It is necessary to mention here that the main novelties of our work need to be 
stressed in the following ways. First, we proposed high-level models for SP 1.1, SP 
1.2, SP 1.3, SP 1.4, and SP 1.5. These proposed models fulfill the CMMI v1.3 
specifications. These models were developed according to the objectives of each 
specific practice stated in the CMMI v1.3 specifications. Second, the requirements 
management process area is addressed at the specific practice level. Third, the 
proposed models for SP 1.1, SP 1.2, SP 1.3, SP 1.4, and SP 1.5 are designed mainly 
for small- and medium-sized software development organizations.  
We also provided the evaluation of these proposed models regarding "practice 
satisfaction,""ease of learning and ease of use,""user satisfaction" and "applicability 
to small- and medium-sized software development organizations." It should finally 
be pointed out that the guidelines are another main innovation of our work that we 
presented. These include the templates, checklists, and forms that users can utilize to 
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traverse our proposed models. This was performed because O'Regan  [27] said, 
"Templates support the process and allow consistent input and output during the 
different parts of the process." The author further indicated that checklists can be 
utilized as an aid to conduct a process. In addition, Afrooz  [94] said, "The template 
would provide the organization with a guideline to achieve the organizational 
objectives."Moreover,  [95] gave an example that shows how a specific practice in 
CMMI can be implemented by presenting templates, checklists, and forms. 
5.4 Remarks 
The main aim of this chapter is to develop high-level models for SP 1.1, SP 1.2, SP 
1.3, SP 1.4, and SP 1.5 of REQM at CMMI Maturity Level 2 specifically for small- 
and medium-sized software development organizations. This aim also includes the 
evaluation of these models using an expert panel review process. For this purpose, 
RQ1, RQ2, RQ3, and RQ4 were addressed. 
In order to tackle RQ1, workflow models for SP 1.1, SP 1.2, SP 1.3, SP 1.4, and 
SP 1.5 were developed. A list of guidelines and satisfactory models were identified 
from the literature on each specific practice. During the literature review, many 
research articles and case studies in the field of SPI, including SPI models such as 
CMMI and software requirements engineering, were explored. We also examined 
and evaluated the collected data from the literature review in order to come up with 
the proposed models. It is important to note here that the comments and suggestions 
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proposed by expert reviewers were utilized to improve and enhance the proposed 
models.  
The evaluation of the proposed workflow models was conducted using an expert 
review panel process to tackle RQ2, RQ3, and RQ4. For RQ2, the expert reviewers 
were asked specific questions about the clarity of the proposed models' 
representation and the range of knowledge required to successfully utilize them. 
Regarding RQ3, two questions were clearly defined in the evaluation form in order 
to help us evaluate our proposed models against the "stakeholder satisfaction" 
criteria. The first one was related to overall usefulness of the proposed models in the 
software industry, while the second one was about the improvements that could be 
obtained in delivering high-quality software by adopting the proposed models. For 
RQ4, the experts were asked a particular question about the applicability of the 
proposed models to small- and medium-sized software development organizations.  
 In short, the overall evaluation results showed that the proposed models ensured 
practice satisfaction according to the CMMI Maturity Level 2 requirement. They also 
satisfied the criteria for ease of learning and ease of use; in other words, they are 
clear, easy to use, and easy to learn. Furthermore, they met the stakeholders' 
expectations and desired satisfaction level. Moreover, small- and medium-sized 
software development organizations can adopt the proposed models in their 
environments, as they are designed to be applicable to such organizations. 
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CHAPTER SIX: PROCESS AND PRODUCT QUALITY 
ASSURANCE (PPQA) 
6.1 Process and Product Quality Assurance (PPQA) Overview 
The successful performance of activities that are related to PPQA is an essential 
predictor of project success. It has been found that CMMI Level 2 as an SPI model 
plays a major role in improving the practices (including PPQA activities) of software 
projects carried out by small- and medium-sized software companies. PPQA is one 
of the fundamental process areas of CMMI Level 2. As stated in the CMMI v1.3 
specifications  [65], the purpose of PPQA is to “provide management and staff with 
objective insight into processes and related work products.” If the PPQA process area 
is applied successfully, it will result in the delivery of high-quality software products. 
Chrissis et al.  [17] indicated that PPQA gives staff, personnel, and managers valuable 
insights while conducting PPQA activities. Khraiwesh  [96] highlighted that the 
PPQA PA aims to ensure the quality of the software product by monitoring the 
process, procedures, and techniques that are used to conduct the software project. 
This is also a process that can be used to confirm and ensure whether products or 
services will satisfy user expectations. Jarvis et al.  [25] indicated that PPQA is an 
essential process for both the software developer and software buyer, as it is the 
procedure that determines whether the techniques and methods applied have been 
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correctly integrated and performed. O’Regan  [27] indicated that PPQA offers 
visibility to the software project management during the software development 
process, as well as related work products developed by the project. 
Table 19 Process and Product Quality Assurance (PPQA) process area 
CMMI 
Specific 
Goal 
b
CMMI 
 practice 
number 
CMMI practice description 
SG 1 Objectively evaluate processes and work products 
 SP 1.1 Objectively evaluate processes
 SP 1.2 Objectively evaluate work products  
SG 2 Provide objective insight 
 SP 2.1 Communicate and resolve  noncompliance issues 
 SP 2.2 Establish records 
 
As described in Table 19, the PPQA process area involves four specific practices, 
and achieving them greatly facilitates the delivery of high-quality software products. 
This is clearly because, throughout the software development life cycle, these 
practices offer objective insights to the software project managers (PMs). In addition, 
they provide appropriate feedback on both the software processes and related project 
work products.  
Different empirical studies have been carried out to address the challenges that 
are faced by small- to medium-sized software development organizations in 
implementing CMMI Level 2 as an SPI model. These studies help software 
practitioners in such organizations to give more attention to the high perceived value 
of different practices of CMMI Level 2 process areas. This information enables such 
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organizations to develop their own finer-grained CMMI Level 2 framework, which 
will definitely help small- to medium-sized software development organizations to 
implement SPI initiatives in a better way. 
 Wilkie et al.  [62] showed that SP 1.2 was the most important of the various 
PPQA specific practices. The second, third, and fourth most important were SP 
1.1, SP 2.1, and SP 2.2, respectively. Their findings also emphasized that most 
of the companies involved in conducting the research showed poor 
performance in both monitoring and controlling process usage. Consequently, 
such companies have very little ability to identify any noncompliance issues. 
 Niazi et al.  [26] and Niazi et al.  [34] highlighted that less than 30% of 
developers and managers reported the value of all specific practices of the 
PPQA process area as high. However, more than half of them cited the relative 
perceived value of these specific practices as medium. 
 Lester et al.  [63] showed that medium-sized companies covered all specific 
practices of the PPQA process area better than small ones. Their findings also 
highlighted that when it came to average values, SP 1.2 had the highest value of 
the practices used for the PPQA process area by both small- and medium-sized 
software development organizations. SP 1.1, SP 2.1, and SP 2.2 were the 
second, third, and fourth highest, respectively. Their findings also revealed that 
larger companies had enough resources to invest in order to perform the PPQA 
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PA. However, this process area is regarded as overhead for small- and medium-
sized software development organizations due to their limited resources. 
Hence, more attention should be paid to all specific practices of the PPQA 
process area. In other words, there is a need to give careful consideration to these 
practices and concentrate on them more. It is evident that a project’s success or 
failure is strongly tied to objectively evaluating the processes and work products for 
it and offering objective insights to project managers. However, not enough research 
studies have been carried out to build the effective implementation of all specific 
practices of the PPQA process area at CMMI Level 2. Thus, in this research work, 
we have proposed a workflow model for each specific practice, that is, SP 1.1, SP 
1.2, SP 2.1, and SP 2.2 in the PPQA process area. 
6.2 Recommendations for implementing the specific practices of the 
PPQA 
This section discusses our findings from the literature, including both guidelines and 
recommendations for evaluating and assessing the performance and quality of the 
processes, services, and the project’s work products. In addition, suitable process 
maps or workflow models that would assist in providing an appropriate assessment 
of the software development processes and managing the process throughout its 
lifecycle are presented.  
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6.2.1 Recommendations for implementing SP 1.1 and SP 1.2 
Different research studies have been undertaken to objectively evaluate processes 
and work products: 
 Persse  [64] recommended the following activities to support and implement 
both SP 1.1 and SP 1.2: (1) selecting key processes and products based on 
established selection criteria, which will greatly help in the auditing of those 
processes and work products having a serious impact on the success of the 
software project; (2) establishing a well-described audit procedure that can be 
used by the PPQA auditor each time he or she tackles the audit procedure; and 
(3) establishing a common PPQA plan that can be used as a reference because 
it contains important information entries and item, such as who is required to 
participate and how audits will be conducted. 
 Chrissis et al.  [17] provided examples of evaluation criteria that should be 
established and maintained for SP 1.1 and SP 1.2, that is, which software 
project items should be evaluated when the software process/work product is 
examined, how a software process/work product is assessed, and who is 
accountable for the evaluation process/work product. In addition, the authors 
further highlighted that selection criteria should be declared and properly stated 
before performing the audit process. Moreover, noncompliance issues and 
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lessons that are learned should be well-identified to improve the process/work 
product.  
 Moorthy  [81] wrote a book titled CMMI Implementation Guide: A 
Practitioner’s Perspective, which can be considered as a reference book for 
software development organizations that have an interest in implementing 
CMMI in their environments. In this book, the author proposed the process 
review report (including corrective actions and audit checklists) as a typical 
artifact that can be used to satisfy SP 1.1. For SP 1.2, the work product review 
report can be used as a CMMI artifact. 
 
6.2.2 Recommendations for implementing SP 2.1 
Various research studies have been performed to better communicate and resolve 
noncompliance issues: 
 Persse  [64]advocated the following activities for the implementation of SP 2.1: 
(1) keeping the goal in mind in order to judge the importance of the identified 
noncompliance issue against the objectives and goals of the project, (2) 
communicating the value of compliance to team members to assist in 
encouraging success and supporting the project’s further progress, and (3) 
following up with support to ensure that identified noncompliance issues are 
resolved. 
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 Chrissis et al.  [17] highlighted the importance of fixing or working out each 
noncompliance issue by involving the right team members. If the 
noncompliance issue cannot be fixed, it should be well-documented and 
escalated to the proper project management level to control the issue and track 
it to its resolution. In addition, the audit reports, including the evaluation 
results, should periodically be published for the relevant stakeholders.  
 Moorthy  [81] proposed the noncompliance closure report as a typical CMMI 
artifact that could be used by organizations to satisfy SP 2.1. 
6.2.3 Recommendations for implementing SP 2.2 
Various studies have been done to effectively establish PPQA records: 
 Persse  [64] highlighted some activities that can help the PPQA auditor/reviewer 
to satisfy SP 2.2. For example, the PPQA records should indicate the status of 
the audit process and reflect its results, which must be well-reported to project 
management, team members, and organizational management. It is important to 
keep in mind that the PPQA records offer objective insights to project 
management on the process/work product that is to be audited. They also show 
how the team members have performed and how they have worked within 
organizational standards so that project management will be able to generate 
appropriate and relevant appropriate comments. In addition, reporting and 
sharing the PPQA records among the team members will result in increasing 
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the number of objective insights, not only for project management, but also for 
those who are responsible for executing the project’s activities. Moreover, the 
presentation or establishment of records is another major factor that impacts the 
audit process. Thus, the PPQA records should be presented in an appropriate 
manner that captures all of the necessary data. This could be achieved by using 
graphs, tables, scorecards, and snapshots in time. 
 Chrissis et al.  [17] indicated that PPQA activities have to be recorded in an 
adequate manner in order to recognize the status of the audit process and its 
results. In addition, the history of PPQA activities should be updated in a 
timely manner. 
 Moorthy  [81] considered the status of corrective actions, the audit plan, and the 
noncompliance closure report to be the main CMMI artifacts for SP 2.2. 
6.3 Suitable models for the specific practices of the PPQA PA 
In addition to the above studies, some models and process maps to better provide 
feedback on both the processes and related work products have also been proposed. 
The following models and process maps that address how the process’s quality is 
evaluated (including the auditing and reviewing process) were identified from the 
literature. It is believed that these process maps can be adjusted and modified to 
implement the specific practices of the PPQA process area. 
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 The four-stage model for auditing a process/work product (Audit-Guide 
 [97]) 
In  [97], it is indicated that the audit process involves four core stages: planning, 
execution, reporting, and follow-up (see Figure 16). In this model, the main aim of 
the planning stage is to select the process or work product that is to receive an in-
depth assessment and audit. It is necessary to specify the evaluation criteria for this 
selection so that the evaluation results can be used to reach a conclusion about the 
effectiveness and success of the process/work product. After the selection is made, 
pre-study activity takes place to find out the necessary background knowledge about 
the selected item. The audit process is conducted in the execution stage, which 
involves several major activities, such as collecting data and analyzing evidence. The 
audit evidence can be obtained in several ways, such as direct observation of events, 
conducting interviews or questionnaires, and reviewing the written documents, such 
as reports, plans, and records.  
 
Figure 16 Stages involved in auditing and reviewing a process/work product  [97] 
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It is worth mentioning here that the execution stage works toward developing the 
findings and deriving the conclusions. Consequently, to derive the audit findings and 
identify their impact on the project’s success, the answer to the question of what 
should be done needs to be compared with what has been done. The final activity is 
providing a draft report about what has been performed and obtained throughout the 
execution stage. In the reporting stage, the manager is involved in reviewing the 
quality of the draft report. After that, the final version of the report is produced. In 
other words, the main concern at this stage is to conduct the clearance examination of 
the generated report via a review process, meetings, and quality control.  
The final version of the report is submitted to both concerned stakeholders and 
users. Finally, follow-up is a core stage in the audit/review process, as it reports on 
the audit’s impact. It also identifies the progress that has been made in implementing 
the corrective actions and audit recommendations. 
 Process audit workflow model (Seattle Area Software Quality Assurance 
Group [SASQAG]  [98]) 
The model starts with the establishment of an audit plan, which should include both 
the requirements and checklists. The success of the audit process is directly 
proportional to the preparation stage. The preparation assists greatly in indicating 
which audit items, such as the process areas/work products, have had a significant 
impact on the project’s success.  
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It is also useful to concentrate on the specific processes/work products. Therefore, 
the audit/review process is conducted, and the PPQA auditor should both report on 
the findings and document them. The project manager is involved in reviewing and 
examining the findings. If noncompliance issues are identified, then corrective 
actions need to be developed to work out these issues.  
The corrective action stage should include the following activities: determining 
the action, establishing the corrective action plan, controlling it to completion, and 
analyzing the impact of the corrective action. The follow-up stage helps the auditor 
to keep track of the audit actions. Immediately after an audit action has ended, this 
stage assists the auditor in bringing its status up to date so that it can be closed. The 
PPQA auditor should check the actions and close any noncompliance issues. 
  Process activities and flowchart for PPQA (Florina-Cristina et al.  [99]) 
Florina-Cristina et al.  [99] proposed a flowchart/process map for the whole PPQA, 
which shows the process activities that need to be performed to implement the PPQA 
process area activities. The flowchart comprises seven core activities: (1) 
establishing PPQA selection criteria, instructions, and planning; (2) detailed planning 
of PPQA; (3) objectively evaluating the processes and documenting the results; (4) 
objectively evaluating work products and documenting the results; (5) 
communicating the quality status; (6) tracking, managing, and resolving quality 
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problems and escalating them if necessary; and (7) establishing, maintaining, and 
deploying PPQA records. 
The authors highlighted the importance of preparing the following documents: a 
set of questions that will work as the evaluation criteria, an audit schedule, and audit 
instructions. The audit/review process should then be conducted, based on the 
specified criteria and defined instructions.  
The authors have further stressed the major role of documenting and analyzing 
noncompliance issues. In addition, templates and checklists should be used in an 
appropriate manner as tools to track and schedule noncompliance issues and 
corrective actions. This needs to be performed to indicate the due date for 
implementing the corrective actions and collecting improvements. The proposed 
process map for the PPQA process area ensures that not only will the reporting of 
noncompliance issues take place, but also that the evaluation process will be 
completed according to the specified evaluation criteria. 
 
 Audit process workflow model (Pankaj  [100]) 
Pankaj  [100] introduced a review/audit process workflow model with four main 
stages: Planning, Preparation and overview, Group review meeting, and Reworking 
and follow-up. In this model, the planning stage involves selection of the 
reviewers/inspectors who will conduct the auditing process. It also establishes the 
schedule for the review process. This stage should highlight the selected reviews and 
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schedule for the auditing process. In addition, a full package that includes all of the 
necessary documents is distributed to the reviewers. In the second stage, a short 
seminar on the selected process/work product for review could be provided, if 
necessary, to clarify some of the issues that are difficult to understand. Throughout 
this stage, any specific issues about the process/work product are clearly illustrated 
and pointed out.  
After that, the final copy of the package is submitted to the reviewers/inspectors. 
The self-review/self-preparation process is then performed by making notes 
whenever a defect is observed. Before conducting the third stage, it is necessary to 
check whether the reviewers/inspectors performed the self-review process.  
 
The aim of the third stage is to discuss the findings, analyze the audit evidence, 
and produce the list of defects. Reviewers/inspectors are required to contribute to the 
meeting. The author stressed that the main focus of this stage is to identify the 
problems in the software project but not to come up with a solution to resolve them. 
The main output of this stage includes the defect log, derived conclusions, 
recommendations, and completed review/audit report.  
In the last stage, that is, reworking and follow-up, the author of the project work 
should conduct the rework stage, based on the recommendations that were produced 
in the third stage. In addition, he or she needs to correct all of the reported defects 
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and then review the corrections made. This stage should also generate the summary 
report and lessons learned. 
 Process audit workflow model (Westfall  [101]) 
Westfall  [101] proposed a process map for the audit process that includes six 
primary stages: (1) Initiation, (2) Planning, (3) Preparation, (4) Execution, (5) 
Reporting, and (6) Corrective actions and follow-up. In this proposed audit process 
map, the client, such as an external customer or internal manager, performs the 
formal initiation of this process by requesting an audit. It is important to highlight 
here that the frequency of conducting the audit process mainly depends on the 
objectives of the software development organization and the regulatory or 
contractual audit requirements.  
After that, the auditor management, auditee management, and lead auditor need to 
cooperate to establish the audit plan, which should be documented and 
communicated to all audit team members. One of the main objectives of the planning 
stage is to select a suitable strategy to execute the audit process.  
Following that, the auditors are requested to prepare for the audit/review process, 
which includes studying the process/work product to be audited, as well as gathering 
and exploring the related information/documents. After the preparation stage is 
completed, the real execution of the audit process is carried out in the execution 
stage. The objective evidence is collected at this stage by implementing the audit 
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plan and utilizing the audit tools and audit checklists. The auditors need to evaluate 
the equality records, examining the related documents, looking for patterns by 
studying data or software matrices, conducting interviews, and assessing the physical 
properties. The lead auditor is responsible for reporting the audit findings in the audit 
report. This report should include detailed findings, nonconformance issues, and 
opportunities for improving the process/work product. Best practices, observations, 
and conclusions should also be reported.  
Finally, the corrective actions and follow-up stage is conducted by the auditee 
management and the lead auditor. They are responsible for establishing and planning 
corrective actions for any nonconformance that is identified during the audit process 
and also for determining whether this action is effective and successfully generates 
the desired results.  
Once corrective action implementation is completed, the lead auditor takes care of 
verifying this implementation. This is done to ensure that the nonconformance issue 
is fixed correctly by testing the implementation of the proposed corrective action and 
carefully reviewing the associated documentation. In general, this verification can be 
performed by conducting follow-up audit activity and reviewing the reexamined 
documents. The follow-up audit activity will also assist in tracking the corrective 
action until it is closed.  
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 Process review/audit workflow model (Khurana  [102]) 
Khurana  [102] has proposed a generic workflow model that assists in the 
auditing/reviewing of a process/work product (see Figure 17).. This model starts with 
the preparation that is required for developing a software product review process. 
This preparation phase can involve various activities, such as defining the 
review/audit criteria and selecting the process/documents to audit. Copies of the 
documents produced during the preparation phase are distributed among the software 
reviewers. 
Before conducting the official review/audit meeting, the reviewers may need to 
make individual preparations by examining the documents and writing down their 
comments. After that, the review/audit meeting phase is used to perform the 
evaluation and derive both the conclusions and recommendations. This phase also 
involves reporting the results and making the required decisions for controlling and 
managing any software defects. If another review meeting is needed, documents are 
returned to the preparation phase for additional understanding, observation, and 
evaluation. 
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Figure 17 review/audit process workflow model (Khurana  [102]) 
 
 Sample process map for corrective action process  [103] 
In  [103], it is indicated that a software project team is required to tackle software 
quality assurance (SQA) by establishing a corrective action (CA) process. This 
process is most probably reported in the project plan or SQA plan. It may also be 
documented in the organizational quality management plan. As indicated in the 
sample process map for the corrective action process proposed by [53], SQA 
auditors/reviewers need to indicate the root cause of any nonconformance issue, as 
well as its impact. The corrective action should be proposed by the project team to 
manage and deal with a nonconformance issue.  
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Each suggested corrective action is reviewed and audited by the SQA 
auditors/reviewers to ensure that it addresses the related nonconformance issue. If 
corrective action appropriately tackles the issue, then effectiveness measures will be 
identified to indicate whether the suggested corrective action can effectively resolve 
the issue and produce the intended results. After establishing the proposed corrective 
action, SQA auditors/reviewers need to evaluate the implementation of the corrective 
action in terms of its effectiveness. It is necessary to highlight that if the applied and 
executed corrective action is not effective, SQA auditors/reviewers need to go back 
to the stage of determining an appropriate corrective action for the purposes of 
additional understanding and analysis. 
 PPQA process map (O’Regan  [27]) 
O’Regan  [27] proposed a sample process map for implementing the PPQA process 
area at CMMI Level 2. The proposed process map indicates that the PPQA process 
area should perform the following core activities: planning, conducting an auditing 
process, producing audit reports, examining the audit actions, and updating the audit 
actions to completion. O’Regan further indicated that the PPQA process area relates 
to the implementation of practices that target the planning, scheduling, and 
conducting of audits. In addition, the author has provided templates for audit reports 
and audit schedules that can help to ensure that activities associated with the PPQA 
process areas have been completed. 
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6.4 The proposed models for the specific practices of the PPQA 
process area 
 
This section discusses the development of the proposed models for the specific 
practices of the PPQA process area. Our models are proposed based mainly on our 
findings from literature presented in section 5.2. Each model is divided into core 
stages. Certain activities associated with each stage are clearly indicated. 
6.4.1 Description of the models proposed for SP 1.1 and SP 1.2 
The models for SP 1.1 and SP 1.2 are divided into four essential stages: “Plan,” 
“Prepare,” “Audit,” and “Report.” Particular activities associated with each of these 
stages have been clearly described (see Figure 18 and Figure 19).   
The first stage is called the “Plan.” This stage is included in both models, as has 
been noted in the following audit/review workflow models: SASQAG  [98] and 
Pankaj  [100]. Additionally, the “plan” is explicitly indicated as the main stage of the 
four-stage model for auditing and reviewing a process/work product  [97]. 
Furthermore, O’Regan  [27] introduced a sample process map for implementing the 
PPQA process area. In this sample, the “plan audit” is included as one of the core 
activities that assist in the implementation of PPQA. Furthermore, Persse  [64] 
stressed the importance of establishing a PPQA plan and considered it to be one of 
the main activities that can be used to support and implement both SP 1.1 and SP 1.2. 
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Figure 18: The proposed model for SP 1.1– “Objectively evaluate processes” 
This initial step includes the detailed planning of activities, such as ensuring the 
availability of an organization’s specific quality plan, quality policies, and process 
quality assurance plans, based on the organizational quality plan. This stage involves 
establishing quality procedures and creating quality plans that include a description 
of the process to be followed, as well as specifying the selection criteria to be used to 
determine the process/work product for the audit. 
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Figure 19: The proposed model for SP 1.2– “Objectively evaluate work products” 
 
 It is worth mentioning that Persse  [64] pointed out the significance of establishing 
selection criteria, which has a serious impact on the development of a successful 
software project when reviewing the process/work product. Table 20 provides some 
of the criteria that can be used to select the key process/work product to be audited. 
The created audit plan should clearly describe which process/work product is to be 
audited, for what purpose, at what frequency, and by whom. It should also primarily 
describe the procedure that is to be followed, the tasks, artifact locations, and 
reporting mechanisms. The project manager (PM) can assist the PPQA auditor when 
creating the audit/review plan for the project.  
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Table 20 Criteria that can be used to select a key process/work product to be audited. 
No. Question 
1 Does this process/work product have a serious impact on the success of the 
software project? 
2 Will the auditing of this process/work product help the company to achieve its 
mission and vision? 
3 Will the auditing of this process/work product result in significant benefits? 
4 Can the auditing of this process/work product reflect the needs of the company? 
5 Is the data related to this process/work product collectable? 
6 Is the data related to this process/work product available? 
7 Are necessary recourses available to support the auditing of this process/work 
product? 
8 Will the auditing of this process/work product be completed within predefined 
time frames?  
 
It is necessary to note that the PPQA auditor needs to be knowledgeable about 
how the audit/review process can be conducted to objectively evaluate the selected 
process/work product. Accordingly, he or she should be well-trained in the 
organizational quality process. Table 21 presents the proposed criteria that can assist 
in selecting an auditor/reviewer to carry out auditing/reviewing activities. Finally, as 
part of the planning phase, the project PPQA auditor will finalize the audit plan with 
the respective PM. 
The second stage is “Prepare.” This stage is incorporated into both models, as it 
has been highlighted in the following references cited in the literature: Audit-Guide 
 [97], SASQAG  [98], and Pankaj  [100]. Furthermore, Khurana  [102] and Chemuturi 
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 [104] presented a workflow model for the audit/review process. In both models, 
preparation is the main stage before progressing to the actual auditing stage.  
Table 21 Criteria to select the auditor/reviewer  
No. Question 
1 Does this person have good documentation skills? 
2 Does this person have good verbal skills? 
3 Dose this person have enough knowledge to contribute to the process/work 
product? 
4 Does this person have the ability to assess the impact of non-compliances? 
5 Does this person have the appropriate training to conduct auditing 
activities?  
6 Does this person have strong enough power to bring both problems and 
non-compliances to light? 
 
The “Prepare” stage helps the PPQA auditor to be better prepared by conducting 
key activities, such as preparing the checklists for the process/work product to be 
audited and reviewing the associated documents. The auditor/reviewer needs to 
perform a self-preparation process by reviewing both artifacts and reports that are 
related to the selected process/work product. Moorthy  [81] considered the audit 
checklists as being typical CMMI artifacts for both SP1.1 and SP1.2. In addition, 
O’Regan  [27] emphasized the importance of the PPQA audit checklists in guiding 
the auditor/reviewer while conducting the auditing process. Therefore, before going 
any further with this stage, it should be ascertained that the audit checklists that are 
related to the selected process/work product are well-prepared. 
The third stage is “Audit.” This is the actual audit of the performed process, where 
the auditor identifies noncompliance issues, improvements, and best practices. The 
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selected process/work product for auditing should be objectively evaluated by using 
the defined criteria to ensure that the process is implemented according to defined 
standards. For example, the auditor/reviewer needs to check whether the delivery 
goes against an approved Statement of Work (SOW) and whether all the defects 
revealed by testing have been closed, according to the defined thresholds. 
We have proposed two audit checklists: one for process and the other for work 
product (see Appendix H and Appendix I). They can be used to guide the auditors 
while they perform the audit/review process. We have adopted the idea of a Standard 
CMMI Appraisal Method for Process Improvement (SCAMPI), particularly Class A 
appraisal. It is worth mentioning that SCAMPI is a well-known SEI process 
evaluation method for CMMI (Dern  [106]).  
SCAMPI has been developed to offer a benchmark-quality rating that is relative to 
the CMMI models (SCAMPI v1.3 document  [105]). It is viewed as an assessment 
method that can be used to obtain the CMMI certification for a software development 
organization. This method helps to pinpoint both the strongest and the weakest 
process followed by an organization, and it determines the organization’s related 
maturity level (Dern  [106]; Koirala and Sheikh  [108]). In other words, it examines 
how software development organizations implement the process areas that are 
defined in CMMI specifications, based on objective evidence. It also releases 
information about development risks. As stated in the SCAMPI v1.3 document 
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 [105], the SCAMPI method comprises three core stages: planning and preparing for 
an appraisal, conducting the appraisal, and reporting the results. SCAMPI supports 
three audit/assessment classes, namely Classes A, B, and C. Dern  [106] pointed out 
that Class C is regarded as an informal SCAMPI, as it is shorter than Class A and 
Class B. In other words, it can be used as a quick evaluation method, as less 
objective evidence is required in this appraisal class (Kenett et al.  [107]; Koirala and 
Sheikh  [108]).  
Consequently, it can be deployed in several contexts (such as rapid analysis for 
the process/work product and checking the implementation of the processes). The 
scale that can be used for Class C appraisal has three levels: high, medium, and low. 
Dern  [106] indicated that Class B is viewed as unofficial SCAMPI, as it is not a 
complete evaluation/assessment process. However, this class helps to roughly rate 
the level of confidence and accuracy of CMMI audit acquiescence.  
An experienced or trained person can execute the appraisal process (Koirala and 
Sheikh  [108]). Red, yellow, and green are the three points that form the SCAMPI 
Class B scale. Generally, this class can be utilized in preparation for Class A 
appraisal. As highlighted in  [106]– [108], Class A appraisal corresponds to official 
SCAMPI, and it is the only class that can provide the rating. The process in this class 
is conducted by the reviewer/auditor, who is SEI certified and authorized to perform 
the appraisal/evaluation process. A large amount of objective evidence is required to 
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conduct Class A. The following points compose the Class A scale: Fully 
Implemented (FI), Largely Implemented (LI), Partially Implemented (PI), Not 
Implemented (NI) and Not Yet Implemented (NY). 
In this research work, each item in both audit checklists should be evaluated 
against the criteria of Class A appraisal, namely FI, LI, PI, NI, and NY. The criteria 
of Class A appraisal were utilized because they were used in the references that were 
cited in the literature (Sharma et al.  [109]; Sharma et al.  [110]; Satrio et al  [111]). 
It is important to highlight here that the primary focus of the “Audit” stage is to 
identify areas of noncompliance and improvement in the software project. 
“Identifying the noncompliance” activity has been defined in this stage of our models 
because it is explicitly indicated in the CMMI v1.3 specifications  [65] and Chrissis et 
al.  [17]. Additionally, such activity is noted in the workflow models and process 
maps that have been proposed for the audit/review process (O’Regan  [27]; Audit-
Guide  [97]; SASQAG  [98]; Florina-Cristina et al.  [99]; Pankaj  [100]; Chemuturi 
 [104]). 
In cases where noncompliance is not found, the auditor should place all the audit 
documents in the project records and then end the specific practice. However, if any 
noncompliance is identified, the auditor needs to analyze the root cause of it, as well 
as its impact. Discussions about the observations/findings, followed by the corrective 
actions that are used, should resolve any noncompliance issues. Moorthy  [81] viewed 
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the corrective actions as one of the major CMMI artifacts needed for implementation 
of both SP1.1 and SP 1.2. This is why they have been included as one of the major 
activities in this stage. It is vital to emphasize that objectivity must be maintained 
during the auditing/reviewing process and that any noncompliance that is detected is 
justified with sufficient details so that it can be closed easily. The auditor also needs 
to check during this stage whether the teams are implementing best practices in their 
project and should encourage the implementation of such practices. 
“Report” is the last stage of the proposed models. The observations and findings 
are recorded into the audit report once they have been finalized. After that, all audit 
documents are placed in the project’s records and the specific practice is closed. The 
PM might need to be involved in reviewing the audit report and then approving it. 
The final version of the audit report might need to be distributed to concerned 
stakeholders and users. This stage is defined in the models because it was noted in 
the references cited in the literature (O’Regan  [27]; Audit-Guide  [97]; SASQAG 
 [98]; Pankaj  [100]). Furthermore, the noncompliance reports are underlined as one of 
the basic work products for SP 1.1 and SP 1.2 in both CMMI v1.3 specifications  [65] 
and Chrissis et al  [17]. 
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6.4.2 Description of the model proposed for SP 2.1 
In this section, we have implemented the CMMI Level 2 specific practice SP 2.1 
“communicate and resolve noncompliance issues” in the PPQA PA. The proposed 
model effectively assists in both fixing noncompliance issues and ensuring the issues 
that are highlighted in the audit report are addressed in a timely manner. The 
proposed model has four essential stages: “Resolve,” “Escalate,” “Follow-up,” and 
“Find-Out.” Certain activities associated with each of these stages have been 
clearly pointed out (see Figure 20).   
 
Figure 20: The proposed model for SP 2.1 –“Communicate and resolve non-compliance 
issues 
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The first stage is “Resolve.” This stage has been defined in our model because 
resolving noncompliance issues is explicitly indicated in both the CMMI v1.3 
specifications  [65] and Chrissis et al  [17] as one of the main sub practices to be 
carried out to implement SP 2.1. It is also seen in the explanation of the process maps 
that were proposed for the audit/review process by O’Regan  [27], Audit-Guide  [97], 
SASQAG  [98], Florina-Cristina et al.  [99], Pankaj  [100], and Khurana  [102]. Our 
proposed model starts with the activities that are needed to resolve the 
noncompliance issues that were identified in the evaluation of the process/work 
product. These issues were highlighted in the audit report that was produced in SP 
1.1 and SP 1.2. Thus, the audit/review report is regarded as a primary input, and it is 
fully utilized during this stage. The first activity in the “resolve” stage is to review 
the audit report and then release it to the stakeholders for further action, if needed. 
Following that, the auditor starts resolving any noncompliance issues that are based 
on the recommendations and corrective actions provided in the audit report. If all of 
the noncompliance issues pointed out in the audit report are resolved and addressed, 
then the follow-up stage will take place. Otherwise, in cases where there is no 
feasible resolution to noncompliance issues, the escalation path will be taken.  
The second stage is “Escalate.” This element is included in the proposed model, as 
it was clearly noted in the process maps introduced by O’Regan  [27] and Florina-
Cristina et al.  [99]. Furthermore, it is considered to be a major subpractice by both 
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the CMMI v1.3 specifications  [65] and Chrissis et al  [17] for SP 2.1. When a 
noncompliance issue cannot be resolved, further understanding and analysis are 
required to determine the main source of the issue. 
The solutions and necessary steps for resolution also need to be identified, and 
then, if the issue still cannot be resolved, it is escalated and reported to the 
appropriate level of authority, as defined in the project management plan. Once a 
resolution has been obtained, we move on to the third stage. It is worth 
mentioning here that the decision symbol presented in this stage is included to 
indicate that escalating noncompliance issues to the next management level for 
resolution should not occur very often. O’Regan  [27] and O’Regan  [112] confirmed 
this point. 
The third stage is “Follow-up.” This stage is included because it is clearly stated, 
in detail, as one of the primary stages in the following proposed workflow models for 
PPQA: O’Regan  [27], Audit-Guide  [97], SASQAG  [98], and Pankaj  [100]. In 
addition, CMMI v1.3 specifications  [65] and Chrissis et al  [17]  regarded follow-up 
of noncompliance issues to resolution as one of the primary subpractices that needs 
to be performed to implement SP 2.1. Moreover, Persse  [64], O’Regan  [27], and 
O’Regan  [112] stressed the significant role that the follow-up activity plays in 
monitoring the closure of audit actions. At this stage, regular meetings are conducted 
between the PPQA auditor and project team members to verify that the corrective 
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actions that are taken to resolve noncompliance issues have been properly carried 
out, as well as to ensure smooth closure of these issues.  
It is worth mentioning that follow-up should be conducted at an agreed/predefined 
time interval to give the team a reasonable amount of time to close noncompliance 
issues. In other words, a comfortable amount of time should be given to the team to 
follow correction activities through an appropriate closure. In very rare cases, an 
escalation mechanism will be used to act on noncompliance issues that are still not 
closed properly, even during the follow-up stage. When all the corrective actions are 
carried out and all noncompliance issues resolved, the auditor/reviewer will need to 
perform a final check by signifying the closure of these issues before proceeding to 
certify the process/work product. 
“Find-Out” is the last stage in the proposed model. This stage is incorporated in 
the model as it is explicitly stated in the following references cited in literature: 
CMMI v1.3 specifications  [65], Chrissis et al  [17], O’Regan  [27], and O’Regan 
 [112]. In this stage, the auditor needs to perform an in-depth analysis of all the 
identified and closed noncompliance issues to identify any significant patterns or 
trends across the current project.  
Observing any similarities and trends will strongly facilitate the process of 
addressing specific issues with processes/work products/resources to improve the 
software project and organizational processes. This also ensures that the instances of 
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noncompliance will not be repeated when they are identified in a project or in other 
projects or business units of the organization. 
For further investigation, the auditors might need to compare the analysis results 
obtained with other projects, as well as the expectations they may have as a result of 
previous experiences. This will help to tackle process improvements at the 
organizational level. It is vitally important for the auditor to share the results with 
relevant stakeholders. 
6.4.3 Detailed description of the model proposed for SP 2.2  
In this section, CMMI Level 2 specific practice SP 2.2 “Establish Records” has been 
implemented. The proposed model for this specific practice is based on our findings 
from the extensive literature review presented in Section 4. This model assists in the 
establishment of records of PPQA activities at both the project level and the 
organizational level. In other words, the proposed model not only provides 
management at the project level, but also carries out process improvement initiatives 
at the organization level. Our proposed model is based on four essential elements: 
“Record,” “Revise,” “Share,” and “Improve” (see Figure 21). In addition, the related 
activities for each of these stages have been highlighted.  
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Figure 21: The proposed model for SP 2.2 –“Establish records” 
 
“Record” is the first stage in the proposed model. The model starts with detailed 
records of PPQA activities at both the project and organizational levels. This stage is 
incorporated in our proposed model because O’Regan  [27], CMMI v1.3 
specifications [65] , Chrissis et al.  [17], Persse  [64], Chemuturi  [104], and O’Regan 
 [112] have all clearly emphasized the significant role that detailed PPQA records 
play in offering objective insight to software project managers about the processes, 
as well as related work products. Furthermore, PPQA records should be addressed at 
both organizational and project levels because Persse  [64], Chemuturi  [104], and 
O’Regan  [112] have highlighted the importance of consolidating project-level PPQA 
activities to create organizational-level PPQA records. 
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It is worth mentioning here that SP 1.1 and SP 1.2 (the first and the second specific 
practices in the PPQA PA) are conducted to objectively evaluate both the selected 
process and work product. The observations, along with the corrective and 
preventive actions obtained from conducting these two specific practices, are 
recorded in an audit report and shared with stakeholders. It should also be noted that 
SP 2.1 is conducted to track the observations and close them through regular follow-
ups and an escalation mechanism with the project stakeholders.  
The record stage is used to ensure that the observation trends, previously obtained 
from SP 1.1, SP 1.2 and SP 2.1, are documented at project level. It also makes 
certain that the status of the records of various PPQA activities are recorded and 
documented at project level. At this stage, the PPQA auditor/reviewer also needs to 
utilize the PPQA records recorded at project level from the individual project that has 
been developed to create organizational-level PPQA records (also known 
as independent PPQA records). In other words, data from the individual project 
should be collected and then consolidated into a detailed organizational-level PPQA 
report. It is necessary to highlight here that PPQA records should present all of the 
important elements, such as audit reports, status report of corrective actions, and 
evaluation logs from individual projects. 
The second stage is “Revise.” This stage is added because it is indicated as one of 
the primary sub practices that are proposed by CMMI v1.3 specifications  [65] and 
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Chrissis et al.  [17] for SP 2.2. In addition, Persse  [64] and O’Regan  [112] indicated 
that performing revisions and ensuring up-to-date information are essential activities 
that are required to achieve and satisfy SP 2.2. The PPQA auditor/reviewer is 
required to ensure that the PPQA records established in the previous stage, “record,” 
are kept up to date. If the status of PPQA activities is not found to be recent, then 
revisions are performed in order to run through the status of these activities, modify 
the revision history, and update the quality report. In other words, this stage aims to 
revise the PPQA records with the latest information so that they are always kept up 
to date. 
The third stage is “Share.” This has been included because Persse  [64] highlighted 
the importance of sharing the quality report, including the PPQA records, with 
project management, team members, and organizational management in the 
implementation SP 2.2, as this results in the establishment of valuable and effective 
PPQA records. In addition, Chemuturi  [104] indicated the need to share these quality 
assurance reports to establish a periodic audit process. It can be concluded from 
CMMI v1.3 specifications  [65], Chrissis et al.  [17], and O’Regan  [112] that 
periodically publishing the quality report for relevant stakeholders is important in 
determining the status of the audit process and will be reflected in its results. The 
quality report is shared at predefined intervals with the managers and process 
engineering group at this stage. In other words, the latest versions of this report that 
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include the independent PPQA records should be distributed among stakeholders. 
This report is usually generated periodically, for instance monthly, quarterly, or half-
yearly. This stage can be conducted through a discussion or via e-mail with the 
quality report attached to the people concerned. It is then necessary to give them 
adequate time to review the report. This stage may be seen as a preparatory element 
for the next stage, “Improve.” 
“Improve” is the last stage in the proposed model. It is included because its 
functionality consists of an analysis of the quality of the reports, finding 
opportunities for improvement and presenting to management, as is pointed out in 
the following references cited in the literature: Persse  [64], Chemuturi  [104], and 
O’Regan  [112]. This stage can also be considered to be a logical stage because it 
highlights the end objective of the recording of the results. Based on the established 
quality report, the SQA managers need to examine this report and other discussion 
forums that are used to identify issues, gaps, best practices, and trends as part of 
process improvement, and then implement them at the organizational level. All 
obtained suggestions and observations are recorded in detail and presented to 
management for approval. Based on the obtained approval, the process improvement 
initiatives and changes are institutionalized in an organization-wide manner. 
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6.5 Evaluation of the proposed models  
6.5.1 Evaluation of the proposed models through an expert panel review 
process 
A review process that involved a panel of experts was carried out to perform the 
evaluation of the models that we proposed. This process was used to get the opinions 
of six experts about the practice satisfaction, ease of learning and ease of use, user 
satisfaction, and applicability to small- and medium-sized software development 
organizations of the models that were proposed. The experts who took part in the 
evaluating process are listed in to show how they were identified.  
 
Table 22 SPI experts’ profile 
SPI 
expert 
Job title Experience of 
SPI  expert 
(years) 
Knowledge of 
CMMI 
(Low 1 -  5 High) 
1 Quality Officer/IT Auditor  10 4 
2 Quality Officer/IT Auditor  12 4 
3 Project manager 15 4 
4 Project manager 13 4 
5 Software developer 7 3 
6 Software developer 8 4 
 
 
It is vital to add at this point that there was one expert reviewer who was already 
known to us and who played an important role in pointing us to a number of the other 
experts that we used. A total of 10 letters were sent to these experts, asking them to 
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take part in the evaluation. However, we only got six responses. We selected these 
experts because they all had sufficient experience in making improvements to the 
way in which software is produced. 
We then decided to create a questionnaire to get the experts’ views about the 
models. Some of the questions that we used were extracted from  [93]. These 
questions were then made compatible with our research objectives. This was done by 
tailoring or customizing each of the questions. The questionnaire’s three main 
sections included a cover letter, where the evaluation’s objectives were explained; 
demographics; and model feedback. Its last section, which was the model feedback 
section, addressed four vital aspects: practice satisfaction, ease of learning and ease 
of use, user satisfaction, and applicability to small- and medium-sized software 
development organizations. Before the questionnaire was sent to the experts for 
evaluation, the questions were examined by an academic researcher. After he replied, 
a number of questions were rewritten to produce a clearer and more concise 
questionnaire. This also enabled us to capture more effectively the data that we 
needed. 
The questionnaire comprised seven questions for each proposed model in the 
following categories (see Appendix): 
 Category 1: 5-point scale of strongly agree to strongly disagree (three 
questions). 
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 Category 2: 5-point scale of very to not at all (three questions). 
 Category 3: Open-ended question that asked the SPI expert if he or she 
would like to provide comments on how we could improve our proposed 
workflow model (one question). 
A summary of the primary conclusions from the data collected is discussed below 
and presented in Table 23. 
All of the expert reviewers who looked at practice satisfaction chose strongly 
agree or agree for every one of the models proposed. When the models proposed for 
SP1.1 and SP1.2 were considered, three of the experts selected strongly agree, and 
the other three chose agree. For the model proposed for SP 2.1, two of the experts 
selected strongly agree, and the remaining four chose agree. For the model proposed 
for SP 2.2, one of the experts selected strongly agree, and the other five selected 
agree. The results indicated that all of the models that we proposed met the CMMI 
v1.3 specifications because the question that was related to practice satisfaction had 
been created according to the aims of the four specific practices in CMMI v1.3’s 
specifications. 
We asked a couple of clearly defined questions about “ease of learning and ease of 
use” (i.e., RQ2) in the evaluation form for each specific practice. First, an inquiry 
was made concerning the clarity of the representation of the proposed model; second, 
a question was asked regarding how much knowledge was needed to use this model. 
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For the first question, all of the expert reviewers selected either 5 or 4 on a 5-point 
scale that ranged from very clear to not at all clear for the proposed models for SP 
1.1 and SP 1.2. For the model proposed for SP 2.1, two of the expert reviewers 
selected 5, three selected 4, and one selected 3 on the same scale. Regarding the 
model that was proposed for SP 2.2, one of the expert reviewers selected 5, four 
selected 4, and one selected 3 on the same scale. These results revealed that the 
experts who took part in our evaluation stage had no problems with learning and 
understanding the proposed models. In addition, the workflow (the activities 
involved in every stage of the models that were proposed) was easily understood. 
The experts were also asked to answer the second question by using a 1 to 5 scale, 
in which 5 is too much knowledge and 1 is not at all. Four experts chose 1 and two 
experts chose 2 for the models that were proposed for SP 1.1 and SP 1.2. For the 
model proposed for SP 2.1, three experts selected 1, and the other three selected 2 on 
the same scale. For the proposed model for SP 2.2, two experts selected 1, three 
selected 2, and one selected 3. 
It can be concluded by studying the responses to the two questions about ease of 
learning and ease of use that, in general, the proposed models were not only clear, 
but also proved easy to understand, as not much CMMI knowledge was required to 
understand them. It is vital to add that the expert reviewers were able to understand 
the proposed models more quickly and easily because the models were split into 
184 
 
a certain number of core stages, which was encouraging as it showed we had 
successfully designed both comprehensive and concise models. 
The experts were asked two specific questions about each proposed model to help 
them evaluate the models against the stakeholder satisfaction criteria (i.e., RQ3). One 
pertained to how useful the model was in the software industry, and the other related 
to how the quality of software products could be improved as a result of the model. 
In other words, on each proposed model, the following two questions were asked: 
 How useful would it be to the software industry to use our proposed workflow 
model (using a 5-point scale of 5 = very useful and 1 = not at all)? 
 The use of our proposed workflow model would improve the software 
process and lead to the production of high-quality software products (using a 5-
point scale of strongly agree to strongly disagree). 
All the expert reviewers thought that the proposed models would be helpful to the 
software industry. When it came to the second question, for the proposed model for 
SP 1.1, three of the expert reviewers selected strongly agree, and the other three 
experts selected agree. For the model proposed for SP 1.2, two experts chose 
strongly agree, and the other four selected agree. For the proposed model for SP 2.1, 
two experts selected strongly agree, three selected agree, and one selected neutral. 
For the model proposed for SP 2.2, one expert selected strongly agree, four selected 
agree, and one selected neutral. These results showed that using the proposed 
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models could improve the software process and that models would help to create a 
software product of high quality. There are, therefore, indications from the collected 
responses that the proposed models will make sure that “stakeholder satisfaction” 
exists. 
We also examined the “applicability of the models to small- and medium-sized 
software development organizations” and asked the expert reviewers to rate every 
one of the proposed models using a 5-point scale (strongly disagree to strongly 
agree) to rate this statement: “Our proposed workflow model is applicable to small- 
and medium-sized software development organizations. In other words, it can be 
applied to both small- and medium-sized software development organizations” (i.e., 
RQ4). 
For the proposed models for SP 1.1 and SP 1.2, all of the experts selected strongly 
agree or agree. For the model proposed for SP 2.1, two experts selected strongly 
agree, three selected agree, and one selected neutral. For the model proposed for SP 
2.1, two experts selected strongly agree, three selected agree, and one selected 
neutral. This strongly indicates that the proposed models for SP 1.1, SP 1.2, SP 2.1, 
and SP 2.2 can be applied to small- and medium-sized software development 
organizations. 
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6.5.2 Novelties of the proposed models 
The primary novelties of the present study are highlighted as follows: First, we 
proposed high-level models for the specific practices of the PPQA process area. 
These proposed models meet the CMMI v1.3 specifications and were designed 
according to the objectives of each specific practice stated in the CMMI v1.3 
specifications. Second, the PPQA process area was addressed at the specific practice 
level. Third, the proposed models for SP 1.1, SP 1.2, SP 2.1, and SP 2.2 were 
developed mainly for small- and medium-sized software development organizations.  
Moreover, the evaluation of the proposed models regarding practice satisfaction, 
ease of learning and ease of use, user satisfaction, and applicability to small- and 
medium-sized software development organizations was provided. 
Another major innovation of this study is that the guidelines are presented. These 
include the templates, checklists, and forms that users can employ to traverse our 
proposed models. This was performed because O’Regan  [27] said, “Templates 
support the process and allow consistent input and output during the different parts of 
the process.” Moreover, the author indicated that templates and checklists help 
ensure that the activities associated with process areas are completed. Afrooz  [94] 
also said, “The template would provide the organization with a guideline to achieve 
the organizational objectives.” Furthermore,  [95] provides an example that presents 
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how a specific practice in CMMI can be implemented by proposing templates, 
checklists, and forms. 
6.6 Remarks 
The most important objective of the chapter was to create a high-level model for 
each specific practice in the PPQA at CMMI Maturity Level 2. These models are 
specifically for small- and medium-sized software development organizations. The 
objective also included evaluating the proposed models by using a process involving 
a review panel of experts, so RQ1, RQ2, RQ3, and RQ4 were all addressed for this 
purpose. 
We developed a workflow model for each specific practice in PPQA to deal with 
RQ1 and also identified a list of the guidelines and satisfactory models from the 
literature on the four specified practices. A significant number of research articles 
and case studies in the field of SPI were explored during the literature review, 
including such SPI models as CMMI and software requirements engineering. We 
also carried out an evaluation of the data that were collected from the literature 
review to come up with the proposed models. It is important to add that proposed 
comments and suggestions by expert reviewers were employed to advance the 
development of the proposed model.   
The evaluation of the proposed workflow models was carried out through the use 
of an expert review panel to tackle RQ2, RQ3, and RQ4. For RQ2, the expert 
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reviewers were given specific questions about how clearly the proposed models were 
represented and the knowledge range needed to use them successfully.  
Two specific questions were then clearly defined regarding RQ3 in the evaluation 
form. This was done to assist in the evaluation of the proposed models against the 
criteria of stakeholder satisfaction. The first of these related to how useful the 
proposed models were overall in the software industry, and the second regarded what 
improvements could be gained through the adoption of the proposed models. The 
experts were asked a particular question for RQ4 about the applicability of the 
proposed models to small- and medium-sized software development organizations.  
In short, the overall evaluation results revealed that the proposed models were 
designed to ensure practice satisfaction, according to the requirements of CMMI 
Maturity Level 2. The results were also able to satisfy the ease of learning and ease 
of use criteria. They, therefore, proved be clear and easy to both learn and use. In 
addition, they met the stakeholders’ expectations and the desired level of satisfaction. 
Moreover, small- and medium-sized software development organizations are capable 
of adopting these proposed models into their own environments. 
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CHAPTER SEVEN: CONCLUSIONS 
7.1 Summary of the problem statement 
A lot of researchers have placed emphasis on the quality of software through the 
application of software process improvements (SPI) (Ashrafi  [4] ; García-Mireles et 
al.  [5]). The impact of SPI methodologies on software quality has been investigated 
by Ashrafi  [4], and García-Mireles et al.  [5] state that software development 
organisations have been seeking to enhance the quality of the resulting software 
through the implementation of SPI, which is seen as a vital part of the optimisation 
of the software development process, particularly for small- and medium-sized 
organisations (Iqbal et al.  [6]; Rahmani et al. [7]).  
Niazi et al.  [8] have said the development of effective SPI implementation design 
initiatives to aid small- and medium-sized organisations are a major challenge for the 
software industry. Thus, researchers have made it their main priority to implement he 
SPI frameworks and standards in order to improve both the software’s quality and 
the rate of productivity achieved (Dutra et al.  [9]; Niazi  [10]). The latest SPI model 
to be introduced by the Software Engineering Institute (SEI) is CMMI, which helps 
software development organisations to improve the quality of their software. "CMMI 
has been widely researched," according to Lee et al.  [11]. 
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Staples et al.  [13] believe that the most important reasons why the majority of 
software organizations have not used it as an SPI model are the organizations are too 
small, it takes a lengthy time to adopt this kind of model, the expensive services of 
capability maturity, and the use of other SPI models. Furthermore, Niazi et al.  [14] 
have highlighted the two main reasons why a lot of software organizations do not 
have the will to begin the lengthy path of implementing CMMI – the major 
investment  that is needed and small amount of success it achieves.  
Chrissis et al.  [17] wrote that: "CMMI identifies 'what' activities are expected, 
but does not specify techniques on how to accomplish those activities." In addition, 
Vivatanavorasin et al.  [18] highlighted that CMMI does not give any details about 
what actions these software development organisations should take in order to 
achieve a given CMMI process area. As a result, no clear approaches are available 
that can help small- and medium-sized software companies to implement CMMI. 
Greater attention on exactly "how" to implement CMMI is required to help these 
organisations to adopt different CMMI Levels successfully.  
Niazi et al.  [8] highlighted that small- and medium-sized software organisations 
aim to achieve Level 2 once they start to accept CMMI as an SPI model, so CMMI 
Level 2 was therefore be particularly addressed in this proposed research. The 
objective of this research work was to implement the REQM and PPQA process area 
of CMMI for small- and medium-sized software development organizations. 
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7.2 Summary of research methodology 
Setting criteria for successful outcomes was the first stage involved in the design of 
the proposed models. The following basic criteria were used for building the models 
 Ease of learning and ease of use, 
 user satisfaction 
 Practice satisfaction 
 Applicability to small- and medium-sized software development 
organizations 
It is important to stress that the primary reason for carefully selecting the above 
criteria comes from the findings presented in Niazi et al.  [118] and Niazi et al.  [119]. 
Moreover, these criteria have been specified as a result of the references reported in 
the literature from Niazi et al.  [80] and Niazi et al.  [87].  
To address the desired criteria, research questions were developed in the second 
stage. In the third stage, previous research that targets the implementation of CMMI 
Level 2 process was reviewed to answer the research questions. During this stage, 
published research articles that offered recommendations about implementing CMMI 
Level 2 were explored. In the fourth stage, a very careful analysis and evaluation of 
the collected data was carried out. The proposed models for the specific practices in 
the REQM and PPQA process area were developed in stage 5. In stage 6, the 
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evaluation of the proposed models was performed using an expert panel review 
process. 
7.3 Critique of methodology 
There are a number of distinct limitations pertaining to this research study. Of the 
limitations, the most crucial ones are noted below: 
1. The SPI expert reviewers might interpret each question differently when 
responding to the questionnaire and, therefore, answer based on their own 
understanding of the question. 
2. The SPI expert reviewers might interpret the descriptions of the proposed 
models, appended with the questionnaire, differently.  
It is worth noting here that there is no discernible evidence about the previous two 
limitations actually being experienced, as none of the expert reviewers have reported 
and expressed any issues or concerns. However, in order to lessen the potential 
impact of the two limitations, the questionnaire, including the descriptions for the 
proposed models, was examined by an academic researcher before the experts were 
asked to fill it out. The final version of the questionnaire was developed based on the 
researcher's feedback. This was done to make it clearer to respondents, thus reducing 
the possibility that the questionnaire, as well as the descriptions, might be interpreted 
differently. Moreover, the proposed models in this study were based on a detailed 
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literature review, where published research articles that provided guidelines for 
implementing CMMI Level 2 were analyzed. 
3. The questionnaire in the evaluation stage consisted of six closed-ended 
questions about each of the proposed models, which did not offer the full 
flexibility the expert reviewers needed to express and explain their own 
feelings and opinions about the proposed models.  
However, we lessened the potential impact of this limitation by including one 
open-ended question. This asked expert reviewers if he/she would like to 
provide comments on how we could improve the proposed models. This question 
gave the expert reviewers the chance to respond freely and include more 
information.  
4. The knowledge of the expert reviewers as well as their experiences might place 
constraints on our evaluation results.  
Despite this limitation, we are confident about the evaluation results obtained, as 
all expert reviewers involved in the evaluation process have sufficient knowledge in 
the field of SPI and RE. In addition, there were no suggestions put forward by the 
researcher to explore these expert reviewers. 
7.4  Summary of findings 
There is a significant need to give careful consideration to REQM and PPQA of 
CMMI Level 2, especially in the context of small- and medium-sized software 
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development organizations, in order to assist such organizations in getting one-step 
closer to achieving CMMI Level 2 certification. The objective of this research is to 
report on the implementation of REQM and PPQA process areas, especially for 
small- and medium-sized software development organizations. In this paper, we 
propose an abstract-level model for each specific practice of the REQM and PPQA 
as well as cover the evaluation of the models. The proposed models are based on a 
significant amount of research in software process improvement (SPI), CMMI, and 
requirements engineering.  
In order to address the RQ1, we developed a workflow model for each specific 
practice of REQM and PPQA. For each specific practice, we identified the guidelines 
and suitable models from the literature and believe that our findings can be utilized 
to implement each specific practice of REQM and PPQA. During the literature 
review, we collected data by exploring published research articles, experience 
reports, and case studies. The development of the proposed workflow model for each 
specific practice is based mainly on our findings from the literature.  
In order to address the RQ2, RQ3, and RQ4, we performed the evaluation of the 
proposed models by using the expert review process. The evaluation results show 
that our proposed models are clear, easy to use, and easy to learn. In addition, our 
models can be applied to both small- and medium-sized software development 
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organizations. Moreover, they can help such organizations implement REQM and 
PPQA process areas according to the CMMI Level 2 maturity requirement.  
This study will help small- and medium-sized software organizations adopt CMMI 
Level 2 specific practices of the REQM and PPQA process areas quickly. Thus, it 
will assist them in getting one step closer to achieving CMMI Level 2 certification. 
In addition, this will lead to high-quality products and customer satisfaction. 
Furthermore, our implementation will increase the depth of knowledge of both 
practitioners and researchers on each specific practice of the REQM and PPQA 
process areas at CMMI Maturity Level 2. Moreover, we can consider this study as an 
ongoing research work that can be extended and carried out by researchers in the 
future. It can possibly lead to research expansion in the field of CMMI Level 2 
implementation.  
For future work, we intend to evaluate the proposed workflow models by 
conducting multiple case studies in an industrial setting in order to assess their 
suitability. 
7.5  Reflection on research   
I believe that the most important part of research is discovering things that you did 
not know about before. I have found that utilizing various techniques, methods, and 
procedures enables one to find out something new. So I set about learning the 
research process, including procedures like research design, conducting data 
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collection, providing data analysis, and writing reports. I learned well how to carry 
out a survey in order to investigate a research question that is specific to a certain 
kind of literature. It is clear from this cyclic process that a researcher is not someone 
who knows all the correct answers, but instead, he/she is someone that works hard to 
find the correct research questions. 
7.6 Research Outcomes 
This research highlighted the following useful outcomes: 
 High-level (abstract-level) Models for the specific practices of Requirements 
Management (REQM) of CMMI Level 2. 
 High-level (abstract-level) models for the specific practices of the Process 
and Product Quality Assurance (PPQA) of CMMI Level 2.  
 Identifying PPQA, REQM CMMI Level 2 best practices.  
 Guidelines, templates, forms, and checklists for the most important processes 
in the developed models for specific practices of the Process and Product 
Quality Assurance (PPQA) and Requirements Management (REQM). 
 Evaluation of the models. 
 
End 
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Appendix A: Guideline Document of the proposed model 
for SP 1.1 
Stage Action Description Template(s) 
Request Designated User/Customer provides requirements to the Project 
Team/Business Analyst. 
 Only designated users provide requirements. Project 
Team/Business Analyst should distinguish suitable 
channels from which to receive requirements.  
 In this step, the provided checklist that was prepared 
based on specific criteria for distinguishing appropriate 
requirements providers can be utilized. 
 "User/Customer Profile Template" can also be utilized to 
help in the process. 
 
Criteria for 
distinguishin
g 
requirements 
providers 
 
 
 
User/custom
er assessment 
template 
 
 
 
User/Custom
er Profile 
Template 
Understand Project Team/Business Analyst understands the information 
contained in the statement of work (SOW), stakeholder profile, 
and business process flow. 
 
 Project Team/Business Analyst prioritizes the attention of 
multiple interests.  
 Project Team/Business Analyst categorizes the 
requirements into different categories, such as 
functional, technical, performance, and environment. 
 In this stage, the provided checklist can be used to assist 
in the process. 
 
 
 
 
 
 
 
Checklist for 
understandin
g the 
requirements 
Evaluate Project Team/Business Analyst evaluates the requirements.  
 In this step, Project Team/Business Analyst judges the 
requirements against the objective criteria for the 
 
 
Objective 
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evaluation of the requirements. The attached objective 
criteria for the evaluation and acceptance of 
requirements can be utilized. 
 In this step, the "Checklist for Evaluating the 
Requirements" can be used. 
criteria for 
the 
evaluation  
of 
requirements 
 
 
 
Checklist for 
evaluating 
the 
requirements 
Accept Project Team/Business Analyst accepts the requirements.  
 The attached objective criteria for the acceptance of 
requirements can be utilized. 
 This step indicates that these requirements are 
officially accepted and acknowledged for development.  
 In this step, the proposed "Acceptance Form" can be 
used. 
 
 
Objective 
criteria for 
the 
acceptance of 
requirements 
 
 
Acceptance 
Form 
Finalize Project Team/Business Analyst and Designated User/Customer 
finalize the requirements.  
 In this step, the requirements are finalized for 
development by directly involving the designated 
user/customer. 
 In this step, the agreed set of requirements is produced. 
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Appendix B: Guideline Document of the proposed model 
for SP 1.2 
The relevant stakeholders should "sign off" on the existing requirements (baseline 
requirements/agreed-upon set of requirements). If a new request is received, the five stages are 
conducted. 
 
Stage Action Description Template(s) 
Assess 1. Project Manager/Business Analyst understands the nature 
of the new requirements or the proposed changes in the 
requirements for existing commitments. 
2. Project Manager/Business Analyst classifies the change as 
a new requirement or modification of an existing 
requirement. 
3. Project Manager/Business Analyst evaluates/analyzes the 
impact of this change and performs impact analysis. 
4. Project Manager/Business Analyst identifies the impact of 
the requirement/change. 
 In this step, meeting for discussion can be conducted, 
and the "Minutes of Meeting (MOM) Template" can 
be used. 
 Expert judgment should be employed during the 
decision-making process. 
5. Project Manager/Business Analyst prepares a full impact 
assessment report. 
 In this step, the "Change Request Impact Analysis 
Form"can be used to help in the process. 
 In this step, it is necessary to: (1) include the effort 
that may be needed for the change, (2) highlight the 
required cost, project plan, and updated schedules, 
(3) declare any additional resources necessary for 
the implementation of the new requirements or the 
proposed changes.  
 If the new requirements or the proposed changes to 
the existing requirements have no significant impact, 
the "Negotiate,""Record," and "Commit" stages 
should take place immediately to enable the 
stakeholders to sign off on the requirements without 
delay.  
 
 
 
 
Change 
Request 
Impact 
Analysis Form 
.doc 
 
Minutes of 
Meeting.docx 
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6. Project Manager/Business Analyst sendsthe impact 
analysis document with all the relevant details for 
negotiation. 
 In this step, any supporting documents for the impact 
analysis should be sent. 
Negotiate All relevant stakeholders gather for a formal discussion 
(preferable) and provide their views/comments on the change. 
 In this step, all relevant stakeholders need to review 
the new/modified requirement and its impact. The 
"Review Feedback Document Template" can be used 
to help in the process. 
 In this step, meeting for discussion can be conducted, 
and the "Minutes of Meeting (MOM) Template" can 
be used. 
 
Record Project Manager/Business Analyst updates the impact analysis 
document based on the comments and updates all the 
documents in the configuration management system. 
 In this step, full needed documents are prepared to 
be submitted to the authority's stakeholders for the 
"Sign-Off." 
 
All relevant 
documents. 
This includes 
but is not 
limited to 
Change 
Request Form, 
Change 
Request 
Impact 
Analysis 
Form, Change 
Log, 
Requirements 
Specification 
Document, 
Test Reports, 
and all other 
work 
products. 
Commit Change Authorization Board commits (signs off) on the 
new/changed requirements and their impact. 
 In this step, both the customer and the company 
acknowledge they have reviewed the proposed 
change, understood it, and approved it. 
 The signatures provided by them signify they have 
accepted this proposed change. 
 The "Sign-Off Template" can be used. 
Sign-off 
Template.doc 
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Appendix C: Guideline Document of the proposed model 
for SP 1.3 “manage requirements changes” 
Stage Action Description Template(s) 
Initiate 1. Customer (internal/external) identifies the need for the 
change. 
2. Customer (internal/external) creates a change request form 
with a description of the change. 
3. Customer (internal/external) sends the change request form to 
the Project Manager/Business Analyst. 
 
Change 
Request 
Form.docx 
 
Validate 7. Project Manager/Business Analyst/Project Team 
Understands the nature of the change request 
8. Project Manager/Business Analyst/Project Team 
Evaluates/Analyzes the impact of this change and Performs 
Impact Analysis 
 This step focuses only on the impact analysis, where the 
(Project Manager/Business Analyst) analyzes the 
Change Request Form and understands the impact on 
the project from various perspectives, such as technical 
feasibility, timelines, cost, and quality. 
 In this step, the "Requirements Validity Checklist" can 
be used to determine if a particular requirement is 
valid.  
 In this step, the "Complexity Checklist" can be used 
during the analysis to determine if the requirement is 
complex and the impact it can have on the overall 
design, cost, schedule, and quality.  
9. Project Manager/Business Analyst creates a detailed Impact 
Analysis Document. 
 In this step, the "Change Request Impact Analysis 
Form" can be used to help in the process. 
 In this step, the "Complexity Checklist" can be used to 
help in the process. 
10. Project Manager/Business Analyst sends the Impact Analysis 
document for validation 
 In this step, any supporting documents for the impact 
analysis, such as the Validity/Complexity Checklist 
(filled out) should be sent. 
11. Change Authorization Board validates the change. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Requirement
s Validity 
Checklist.doc 
 
Complexity 
Checklist 
(requirements).
doc 
 
 
 
Change 
Request Impact 
Analysis Form 
.doc 
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 In this step, any supporting documents, such as the 
"Change Request Impact Analysis 
Form,""Requirements Validity Checklist," and" 
Complexity Checklist" are used. 
 In this step, meeting for discussion can be conducted 
and the "Minutes of Meeting (MOM)" Template can be 
used.  
 In this step, the Change Authorization Board makes the 
decision," and the Sign-off Template" can be used. 
 The Change Request Log is updated, and the "Change 
Request Log Template" can be used. 
Minutes of 
Meeting.docx 
 
Sign-off 
Template.doc 
 
Change 
Request 
Log.doc 
Impleme
nt 
Project Team implements the change in the system.  
  In this stage, the change status should be updated in 
the Change Request Log, and all associated documents 
should also be updated to reflect the new change. 
 
Verify Project Team checks whether the implementation of the 
recommended change is working correctly. 
 In this stage, if the verification phase is not 
satisfactory, the change request is carried back to the 
"Validate" stage for the purpose of additional 
understanding and evaluation. 
 In this stage, the Change Request Log is updated. 
 
Update Project Team updates all the documents in the configuration 
management system. 
All relevant 
documents. 
This includes 
but is not 
limited to the 
Change 
Request Form, 
Change 
Request Impact 
Analysis Form, 
Change Log, 
Requirements 
Specification 
Document, 
Test Reports, 
and all other 
work products. 
Release Project Team deploys the change in the Production/Live 
environment. The change is released into the production 
environment, and the final software products are released to the 
consumer. 
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Appendix D: Guideline Document of the proposed model 
for SP 1.4 “maintaining bidirectional traceability of 
requirements” 
Stage Action Description Template(s) 
Request Customer (internal/external) identifies the new requirement or 
modifies the existing requirements. 
 
 
 
Maintain 1. Project Manager/Business Analyst understands the request. 
2. Project Manager/Business Analyst analyzes the new or 
modified requirement. 
3. Project Manager/Business Analyst identifies any implied and 
derived requirements. 
Project Manager/Business Analyst updates software 
requirements specifications based on the new/modified 
requirement. 
 
 
Validate 1. Project Stakeholders ensure all derived requirements are 
documented and review the new/modified requirement and 
its impact. 
2. Project Stakeholders sign-off on the new/modified 
requirement and its impact. 
Review 
Feedback 
document.docx 
 
 
Sign-off 
Template 
 
Allocate 1. Project Manager/Business Analyst updates the requirements 
traceability matrix. 
 In this step, any new/modified requirements are 
immediately updated into the RTM. 
2. Developer updates the design specification for the 
new/changed requirement. 
 In this step, the RTM is updated. The design elements 
are updated against the corresponding requirements 
in the RTM. 
3. Developer updates the code for the new/changed 
requirement. 
 In this step, the RTM is updated. The modified code 
 
 
 
 
 
 
RTM.doc 
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references are updated against the corresponding 
requirements in the RTM. 
Verify Developer/Tester updates the test cases for the new/changed 
requirement. 
 In this step, the RTM is updated. The test case 
references are updated against the corresponding 
requirements in the RTM. 
  
Release Developer updates the component/product feature and releases 
information for the new/changed requirement. 
 In this step, the Project Manager/Business Analyst 
should ensure that all related documents are updated 
regularly and revision histories are maintained. 
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Appendix E: Guideline Document of the proposed model 
for SP 1.5 “ensuring alignment between project work and 
requirements” 
 
 
 
 
 
Request  PM/Project team makes a request to review activity at 
every phase of the development of the software 
 
Plan A responsible person ensure a clear understanding of the 
request 
PM and  Reviewer  need to create a review plan that helps 
conduct the review process of the artifact 
PM and reviewer need to make sure the plans and work 
products are both fully ready and available for the review 
process. 
 
Review Technical review of the artifact, RTM, work products, and 
project plans is undertaken by the reviewer 
 This stage also involves review of the design, 
code, and test cases. 
Review Feedback 
document.docx  
RTM.doc 
 
Identify The reviewer highlights the findings, list them correctly, 
and indicate any inconsistencies in the artifact 
 
Discuss The reviewer shares the findings with the owner of the 
work product and the project team, including the project 
manager.  
The reviewer and project manager initiate corrective 
actions in order to resolve these inconsistencies. 
Minutes of 
Meeting.docx 
Rework The reviewer performs the rework process on the work 
products or project plans based on the initiated corrective 
actions. 
 The necessary changes of the work products or 
project plans are then presented for a verification 
process to ensure that no feedback is missed. 
 All associated documents are updated into the 
system 
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Appendix F: Evaluation of the proposed model for each 
specific practice in REQM process area 
Section 1:  Cover letter 
Dear Survey Participants, 
The objective of this project is to implement the requirements 
management (REQM) process area of CMMI Level 2, specifically for small- and 
medium-sized software development organizations. A workflow model for each 
specific practice in REQM has been developed, and we are seeking qualified 
individuals to aid in this research study. 
If you have experience working with CMMI (Capability Maturity Model 
Integration), you are invited to participate in this research study. In order to 
participate, you must complete the attached questionnaire. The following 
questionnaire will take approximately thirty (30) minutes to complete. Your consent 
is required in order to participate in this research. Under the confidentiality terms 
associated with this research, your responses will be kept confidential. 
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Your participation in this research project will allow for improvements to occur 
with the implementation of specific practices of REQM. Please note that all data 
gathered will be used for the purposes of academic research only. 
Thank you for your time. 
Section 2: Demographics  
Evaluator Name:   ___________________________________ 
E-mail Address:    ___________________________________ 
Question 1: Which of these best describes your current position? (Please tick all 
boxes that apply) 
Quality Assurance Manager Senior Manager  
Other (please specify) 
______________ 
Question 2: How long have you worked in Software Engineering/IT? ____years 
Question 3: How would you rate your knowledge of CMMI?  ____ (Use a scale of 1 
to 5, with 5 = “expert” and 1 = “little or none”) 
Question 4: Have you participated in any previous forms of Process Improvement 
Assessments, Capability Maturity Assessments, and/or other forms of Process 
Improvement Appraisals? ______ 
If yes, please specify (How many?)_____ 
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Section 3:  Requirements Management Process Area Overview 
3.1 Purpose  
 
The purpose of Requirements Management (REQM) is to manage requirements of 
the project’s products and product components and to ensure alignment between 
those requirements and the project’s plans and work products. 
 
3.2 Specific Goal and Practice Summary  
SG 1 Manage Requirements  
 SP 1.1 Understand requirements  
 SP 1.2 Obtain commitment to requirements  
 SP 1.3 Manage requirements changes  
 SP 1.4 Maintain bidirectional traceability of requirements  
 SP 1.5 Ensure alignment between project work and requirements 
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Section 4:  Evaluation forms 
4.1 Evaluation form of the proposed model for SP 1.1 
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4.2 Evaluation form of the proposed model for SP 1.2 
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4.3 Evaluation form of the proposed model for SP 1.3 
 
 
 
 
 
 
 
 

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4.4 Evaluation form of the proposed model for SP 1.4 
 
 
 
 
 
 
 
 

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4.5 Evaluation form of the proposed model for SP 1.5 

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Appendix G: Evaluation of Process and Product Quality 
Assurance (PPQA) process area 
Section 1:  Cover letter 
Dear Survey Participants, 
The objective of this project is to implement the Process and Product Quality 
Assurance (PPQA) process area of CMMI Level 2, specifically for small- and 
medium-sized software development organizations. A workflow model for each 
specific practice in PPQA has been developed, and we are seeking qualified 
individuals to aid in this research study. If you have experience working with CMMI 
(Capability Maturity Model Integration), you are invited to participate in this 
research study. In order to participate, you must complete the attached questionnaire. 
The following questionnaire will take approximately thirty (30) minutes to complete. 
Your consent is required in order to participate in this research. Under the 
confidentiality terms associated with this research, your responses will be kept 
confidential. Your participation in this research project will allow for improvements 
to occur with the implementation of specific practices of PPQA. Please note that all 
data gathered will be used for the purposes of academic research only. 
Thank you for your time. 
 
237 
 
 
 
Section 2: Demographics  
Evaluator Name:   ___________________________________ 
E-mail Address:    ___________________________________ 
Question 1: Which of these best describes your current position? (Please tick all 
boxes that apply) 
Project Manager Error! Not a valid embedded object. System Engineer 
Senior Manager  
Other (please specify) 
______________ 
Question 2: How long have you worked in Software Engineering/IT? ____years 
Question 3: How would you rate your knowledge of CMMI?  ____ (Use a scale of 1 
to 5, with 5 = “expert” and 1 = “little or none”) 
Question 4: Have you participated in any previous forms of Process Improvement 
Assessments, Capability Maturity Assessments, and/or other forms of Process 
Improvement Appraisals? ______ 
If yes, please specify (How many?)______ 
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Section 3: Process and Product Quality Assurance (PPQA) Process 
Area Overview 
3.1 Purpose  
 
The purpose of Process and Product Quality Assurance (PPQA) is to provide staff 
and management with objective insight into processes and associated work products. 
 
3.2 Specific Goal and Practice Summary  
SG 1 Objectively Evaluate Processes and Work Products  
 SP 1.1 Objectively Evaluate Processes 
 SP 1.2 Objectively Evaluate Work Products 
SG 2 Provide Objective Insight 
 SP 2.1 Communicate and Resolve Noncompliance Issues 
 SP 2.2 Establish Records 
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Section 4: Evaluation forms  
4.1 Evaluation form of the proposed model for SP 1.1 

 
 
 
240 
 
4.2 Evaluation form of the proposed model for SP 1.2 
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4.3 Evaluation form of the proposed model for SP 2.1 
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4.4 Evaluation form of the proposed model for SP 2.2 
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Appendix H: Checklists and templates for each specific 
practice in REQM process area 
Section 1: SP 1.1 – “Understand requirements” 
1.1 Criteria for distinguishing appropriate requirements providers 
Project Name   
Project ID  
Prepared by  
Date:   
 
 
No. Criteria Question 
1 Necessity of 
involvement 
If this user/customer was not included, engaged, 
and involved during the development process, can he/she 
derail the process? 
2 Contribution Does this user/customer have useful information about the 
organization? 
Does this user/customer have knowledge about the 
product? 
Does this user/customer have the enough knowledge to 
contribute to the process? 
3 Influence Does this user/customer have decision making authority? 
Does this user/customer have strong power to manage 
decisions during the development process? 
Does this user/customer have the ability to assess impact of 
a change in the product? 
4 Technical know Does this user/customer know some technical issues about 
the product? 
5 Level of 
commitment  
Does this user/customer have strong level of commitment 
to the process and the product? 
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1.2 Customer assessment template 
Project 
Name  
 
Project ID  
Prepared by  
Date:   
 
 
Stakeholder ID#______________________________ 
 
Question Type of Assessment 
High Medi
um 
 Low 
If this user/customer was not included, 
engaged and involved during the 
development process, can he/she derail the 
process? 
   
Does this user/customer have the enough 
knowledge to contribute to the process? 
   
Does this user/customer have knowledge 
about the product? 
   
Does this user/customer have useful 
information about the organization? 
   
Does this user/customer have decision 
making authority? 
   
Does this user/customer have the ability to 
assess impact of a change in the product? 
   
Does this user/customer have strong 
power to manage decisions during the 
development process? 
   
Does this user/customer know some 
technical issues about the product? 
   
Does this user/customer have strong level 
of commitment to the process and the 
product? 
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1.3 Customer profile template 
Project Name  
 
 
Project ID 
 
 
Prepared by 
 
 
Date: 
dd/mm/yyyy 
 
 
 
 
Name Role Contact 
information 
The way of 
communication 
Project 
Motivation & 
Interests  
Project 
Impact 
Status 
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1.4 Checklist for understanding the requirements 
Project Name   
Project ID  
Prepared by  
Date:   
 
No. Item to check Yes NO N/A Remarks
1 Are user/customer correctly designated 
and identified to provide and prove the 
requirements? 
    
2 Are the requirements provided by 
designated user/customer? 
    
3 Is SOW sufficiently understood to 
initiate and begin the project? 
    
4 Does PM understand each requirement 
provided by designated user/customer? 
    
5 Are all types of requirements (such as 
functional, technical, performance, and 
environment) provided by designated 
user/customer? 
    
6 Are all types of requirements correctly 
categorized into different categories 
such as functional, technical, 
performance and environment? 
    
7 Is the business process flow understood 
for all types of requirements?  
    
8 Are the inputs and outputs distinguished 
in the business process flow for all types 
of requirements? 
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1.5 Objective criteria for the evaluation of requirements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Project Name   
Project ID  
Prepared by  
Date:   
 
 
NO Criteria Question 
1 Clarity Is each requirement properly stated? 
Does each requirement have only one interpretation? 
2 Feasible  Can each requirement be implemented within available 
resources or technology? 
3 Consistent Is each requirement consistent within itself and with one 
another in the document? 
4 Unique  Is each requirement uniquely defined with no duplication? 
5 Prioritized  Is each requirement defined business for development? 
6 Achievable Can each requirement be achieved according to the 
budget and time constraints? 
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1.6 Checklists for evaluating the requirements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No. Item to check Yes NO N/A Remarks 
1 Is each requirement properly 
stated? 
    
2 Does each requirement have only 
one interpretation? 
    
3 Can each requirement be 
implemented within available 
resources or technology? 
    
4 Is each requirement consistent 
within itself and with one another 
in the document? 
    
5 Is each requirement uniquely 
defined with no duplication? 
    
6 Can each requirement be 
achieved according to the 
budget and time constraints? 
    
7 Does each requirement have only 
one interpretation? 
    
8 Is each requirement traced to the 
main source? 
    
9 Do the documents follow the 
standards? 
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1.7 Objective criteria for the acceptance of requirements 
NO. Criteria Question 
1 Clarity Is each requirement properly stated? 
Does each requirement have only one 
interpretation? 
2 Feasible  Can each requirement be implemented within 
available resources or technology? 
3 Consistent Is each requirement consistent within itself and 
with one another in the document? 
4 Unique  Is each requirement uniquely defined with no 
duplication? 
5 Prioritized  Is each requirement defined business for 
development? 
6 Achievable Can each requirement be achieved according to 
the budget and time constraints? 
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1.8 Acceptance form 
Project 
Name  

Project ID 
Prepared 
by 

Date: 
dd/mm/yyyy 

This is to indicate that the requirements, (that met all the 
objective criteria for the evaluation), are officially accepted and 
acknowledged for development. 
 
 
 
 
 
 
 
 
 
 
*(Insert comments, if required) 
Signature _____________________________                                        
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Section 2: SP1.2–“Obtain commitment to requirements” 
2.1 Change Request Impact Analysis Form  
DETAILS 
Request ID:  
Project Name :  
Project ID:  
Change Initiator:  
Submitted To:  
Date:  
DESCRIPTION OF CHANGE 
 
----------------------------------------------------------------------- 
 
----------------------------------------------------------------------- 
 
----------------------------------------------------------------------- 
 
REQUESTOR PRIORITY    
 
----------------------------------------------------------------------- 
 
TOTAL EFFORT   “IN PERSON DAYS” 
 
----------------------------------------------------------------------- 
 
START DATE: dd/mm/yyyy 
 
----------------------------------------------------------------------- 
END DATE: dd/mm/yyyy 
 
----------------------------------------------------------------------- 
 
TECHNICAL IMPACT   
----------------------------------------------------------------------- 
 
----------------------------------------------------------------------- 
 
----------------------------------------------------------------------- 
 
----------------------------------------------------------------------- 
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RISKS/ISSUES 
------------------------------------------------------------------------------------ 
 
------------------------------------------------------------------------------------ 
 
COMMERCIAL IMPACT   
----------------------------------------------------------------------- 
 
----------------------------------------------------------------------- 
 
OTHER  IMPACT   
 
----------------------------------------------------------------------- 
 
----------------------------------------------------------------------- 
 
*(Insert comments, if required) 
 
------------------------------------------------------------------------------------ 
 
Authorized By 
 
Company  Name Customer Name 
Role/Title:  Role/Title  
Date  Date  
Sign-Off    Sign-Off    
*(Insert comments, 
if required) 
 
 *(Insert comments, 
if required) 
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2.2 Minutes of Meeting Template 
Request ID: 
Date: dd/mm/yyyy  
Project Name : 
Project ID: 
Prepared By: 
Submitted To: 
 Meeting Location 
1. Building:_____________________ 
2. Conference Room:_____________ 
3. Conference Line:_______________ 
 
 Meeting Date: dd/mm/yyyy________________ 
 Meeting Start <HH:MM>  __________________ 
 Attendees:  
1. _________________________ 
2. _________________________ 
3. _________________________ 
4. _________________________ 
5. _________________________ 
 
 Meeting’s Action Items  
Action Assigned To Deadline 
<Action Item> <Assignee> <mm/dd/yy> 
   
   
   
 Decisions Made 
1. Decision 1:_____________________ 
2. Decision 2:_____________________ 
3. Decision 3:_____________________ 
 Next Meeting Date & Time  ( If required) 
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2.3 Sign-Off Template  
Request ID: 
Date: dd/mm/yyyy  
Project Name : 
Project ID: 
Prepared By: 
Submitted To: 
Both <customer Name> and <Company name> acknowledge that they 
have reviewed the proposed change, understood it. 
 
 The signature below signifies that <customer Name> and <Company 
name> have accepted/rejected/batched this proposed change. 
 
 
Company  Name Customer Name 
 
 
Role/Title:  Role/Title  
Date  Date  
Sign-Off    Sign-Off    
*(Insert 
comments, 
if required) 
 
 
 
*(Insert 
comments, 
if required) 
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Section 3: SP 1.3 – “manage requirements changes” 
3.1 Change Request Impact Analysis Form  
DETAILS 
Request ID:  
Project Name :  
Project ID:  
Change Initiator:  
Submitted To:  
Date: dd/mm/yyyy  
 
DESCRIPTION OF CHANGE 
 
------------------------------------------------------------------------------------ 
REQUESTOR PRIORITY    
 
------------------------------------------------------------------------------------ 
TOTAL EFFORT   “IN PERSON DAYS” 
 
--------------------------------------------------------------------------------------- 
 
START DATE: dd/mm/yyyy 
 
--------------------------------------------------------------------------------------- 
END DATE: dd/mm/yyyy 
 
--------------------------------------------------------------------------------------- 
 
TECHNICAL IMPACT   
--------------------------------------------------------------------------------------- 
 
 
RISKS/ISSUES 
------------------------------------------------------------------------------------ 
 
--------------------------------------------------------------------------------------- 
 
COMMERCIAL IMPACT   
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
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--------------------------------------------------------------------------------------- 
OTHER  IMPACT   
 
--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
 
 
*(Insert comments, if required) 
 
--------------------------------------------------------------------------------------- 
 
Authorized By 
 
Company  Name Customer Name 
 
 
Role/Title:  Role/Title  
Date  Date  
Sign-Off    Sign-Off    
*(Insert 
comments, 
if required) 
 
 *(Insert 
comments, 
if required) 
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3.2 Minutes of Meeting Template 
Request ID: 
Date: dd/mm/yyyy  
Project Name : 
Project ID: 
Prepared By: 
Submitted To: 
 Meeting Location 
4. Building:_____________________ 
5. Conference Room:_____________ 
6. Conference Line:_______________ 
 
 Meeting Date: dd/mm/yyyy________________ 
 Meeting Start <HH:MM>  __________________ 
 Attendees:  
6. _________________________ 
7. _________________________ 
8. _________________________ 
9. _________________________ 
10. _________________________ 
 
 Meeting’s Action Items  
Action Assigned To Deadline 
<Action Item> <Assignee> <mm/dd/yy> 
   
   
   
 Decisions Made 
4. Decision 1:_____________________ 
5. Decision 2:_____________________ 
6. Decision 3:_____________________ 
 Next Meeting Date & Time  ( If required) 
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3.3 Sign-Off Template 
Request ID: 
Date: dd/mm/yyyy  
Project Name : 
Project ID: 
Prepared By: 
Submitted To: 
Both <customer Name> and <Company name> acknowledge that they 
have reviewed the proposed change, understood it. 
 
 The signature below signifies that <customer Name> and <Company 
name> have accepted/rejected/batched this proposed change. 
 
 
Company  Name Customer Name 
 
 
Role/Title:  Role/Title  
Date  Date  
Sign-Off    Sign-Off    
*(Insert 
comments, 
if required) 
 
 
 
*(Insert 
comments, 
if required) 
 
 
 
 
 
 
 
  
259 
 
3.4 CHANGE REQUEST FORM 
DETAILS 
Request ID:  
Project Name :  
Project ID:  
Change Initiator:  
Submitted To:  
Date: dd/mm/yyyy  
 
DESCRIPTION OF CHANGE 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
IMPACT OF CHANGE 
How the system behaved before & after  implementing the change 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
 
PLAN 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
 
 
 
*(Insert comments, if required) 
 
--------------------------------------------------------------------------------------- 
 
--------------------------------------------------------------------------------------- 
APPROVAL STATUS 
--------------------------------------------------------------------------------------- 
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*(Insert comments, if required) 
 
--------------------------------------------------------------------------------------- 
 
Name:______________ 
Signature ___________                                Date  
 
 
 
 
 
 
REVISION HISTORY 
 
Version Date Name comments Signat
ure 
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3.5 Requirements Validity Checklist 
Criteria Question Response 
Clarity Is each requirement properly stated? 
Does each requirement have only one 
interpretation? 
 
Feasible  Can each requirement be implemented 
within available resources or 
technology? 
 
Consistent Is each requirement consistent within 
itself and with one another in the 
document? 
 
Unique  Is each requirement uniquely defined 
with no duplication? 
 
Prioritized  Is each requirement defined business for 
development? 
 
Achievable Can each requirement be achieved 
according to the budget and time 
constraints? 
 
Appropriateness Are the requirements appropriate to 
implement? 
 
Completeness Does the requirement look complete?  
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3.6 Complexity Checklist (requirements) 
 
Area Question Response 
Architecture 
 
Will the product architecture be 
impacted? 
 
Is it a new functional area?  
Is it a fundamental change to the 
current area? 
 
Novelty   Do we need to use new technology? 
 
 
Is it new? We're going to 
do something that we never did 
before.  
 
Complexity Does it require lots of time?  
Does it require lots of effort?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
263 
 
3.7 Change Log Sheet 
 
Request 
ID 
Date: Change Description Initiated by Effort 
Estimate 
Cost 
Estimate 
Impact 
Approved by Status 
comments 
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Section 4: SP 1.4–“maintaining bidirectional traceability of 
requirements” 
4.1 Document Review 
 
Document Details 
Date: dd/mm/yyyy  
Project Name : 
Project ID: 
Document Type: 
Author:  
Reviewer Name: 
Submitted To: 
 
REVISION HISTORY
 
Version Date Author comments Signature 
     
     
     
     
     
     
 
 
COMMENTS 
 
N
o. 
Location Severity 
High/ 
Medium/Low
Type Descripti
on 
Cleared 
(Yes/No) 
1      
2      
3      
4      
 
* Type such as ( Error , Omission, Inconsistency, Unclassified, Query, Comment 
only, Standards non-compliance, Typographical, grammatical or spelling) 
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4.2 Requirement Traceability Matrix 
DETAILS 
Request ID:  
Project Name :  
Project ID:  
Prepared by:  
Submitted To:  
Date: dd/mm/yyyy  
Version  #  
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4.3 Sign-Off Template 
Request ID: 
Date: dd/mm/yyyy  
Project Name : 
Project ID: 
Prepared By: 
Submitted To: 
Both <customer Name> and <Company name> acknowledge that they 
have reviewed the proposed change, understood it. 
 
 The signature below signifies that <customer Name> and <Company 
name> have______________________________ This proposed change. 
 
 
Company  Name Customer Name 
Role/Title:  Role/Title  
Date  Date  
Sign-Off    Sign-Off    
*(Insert 
comments, 
if required) 
 
 
*(Insert 
comments, 
if required) 
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Appendix I: Proposed Audit checklist for SP 1.1 – 
“Objectively evaluate processes” 
Table 24: Proposed Audit checklist for SP 1.1 – “Objectively evaluate processes” 
Project Information 
Project Name  
Project Type  
Date of Process Audit   
Project Manager  
Process Auditor  
Evaluate each item in the audit checklist against the criteria of SCAMPI Class A appraisal: 
“FI” – Fully Implemented 
“LI” – Largely Implemented 
“PI” – Partially Implemented 
“NI” – Not Implemented 
“NY”– Not yet Implemented  
Process Area specific 
practice 
Item to check 
Requirements 
Management 
(REQM) 
 
 
 
SP 1.1 
Does the software project team develop an understanding of 
“the requirements’ providers” with regard to the meaning of 
the requirements? 
Are the requirements evaluated to make sure that objective 
criteria are met? 
SP 1.2 Are the commitments negotiated and recorded?  
Is the impact of requirements assessed on existing 
commitments? 
SP 1.3 Are all requirements changes recorded and documented?  
Is change data made available and accessible to the project? 
SP 1.4 Is requirements traceability maintained? 
Is RTM generated? 
SP 1.5 Are the software project plans and work products consistent 
with both requirements and the changes made to them? 
Are necessary corrective actions initiated?  
Process and 
Product 
Quality 
Assurance 
(PPQA) 
SP 1.1 Are the evaluation criteria established and maintained? Are 
they used to evaluate selected processes? 
Is each noncompliance found during the evaluation clearly 
identified? 
SP 1.2 Are the evaluation criteria established and maintain? Are they 
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used to evaluate selected work products? 
Is each noncompliance found during evaluations clearly 
identified? 
SP 2.1 Is each noncompliance resolved? Are noncompliance issues 
tracked to resolution? 
Are non-compliance issues and obtained results 
communicated to all stakeholders? 
SP 2.2 Are product quality assurance tasks clearly recorded? 
Is the status of quality assurance activities revised when 
necessary? Are observations and findings well-recorded in 
the audit report? 
Project 
Planning 
(PP) 
 
SP 1.1 Is the work breakdown structure (WBS) developed? 
Are the work packages defined in enough detail? 
SP 1.2 Are the attributes of work products estimated? 
Is the technical approach for the software project determined?
SP 1.3 Are life cycle phases for each project established? 
SP 1.4 Are the efforts and cost for work products and tasks 
estimated using historical data and models? 
Are supporting infrastructure needs included and utilized to 
estimate effort and cost? 
SP 2.1 Are the main milestones, constraints, and schedule 
assumptions identified? 
Is the budget for the software project established? 
SP 2.2 Are project risks identified, documented, and revised as 
appropriate? 
SP 2.3 Are privacy and the security of data maintained? Are the 
requirements for providing access to project data determined? 
Is there a procedure to archive project data?  Is there a 
procedure to access project data which were archived? 
SP 2.4 Are the requirements (process, communication and staffing) 
determined? 
Are the facility and component requirements determined? 
SP 2.5 Are the skills and knowledge required to conduct a software 
project identified? Are they assessed? 
Are there mechanisms for providing required the skills and 
knowledge? 
SP 2.6 Is the stakeholder involvement plan developed? 
SP 2.7 Is the overall project plan developed? 
SP 3.1 Are interrelated plans reviewed? 
SP 3.2 Are the methods and estimating parameters revised when 
necessary? 
Are requirements and schedules revised, if needed? 
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SP 3.3 Are internal/ external commitments reviewed with the 
appropriate senior management level?   
Are commitments negotiated with concerned stakeholders? 
Configuration 
Management 
(CM) 
SP 1.1 Are configuration items selected based on provided criteria? 
Is each configuration item uniquely defined with no 
duplication? Are the significant features of each 
configuration item specified? 
SP1.2 Is a mechanism to monitor and direct multiple levels of 
control established and identified? 
Are configuration items stored in a configuration 
management system? Can they be retrieved from the 
configuration management system?  
SP1.3 Before Creating or releasing baselines, Is authorization 
obtained from the CCB? 
Is the set of configuration items contained in a baseline 
documented? 
SP 2.1 Is the level of change request traced to closure? 
 Is the impact of changes analyzed? Are changes categorized 
and prioritized? 
SP2.2 Are changes to configuration items controlled throughout the 
life of the product or service? 
SP 3.1 Are configuration management actions recorded in detail? 
Is the latest version of baselines specified? 
SP 3.2 Is the integrity of baselines assessed? 
Is a configuration management audit conducted? Are action 
items tracked from the audit to closure? 
 
Measurement 
and Analysis 
(MA) 
SP 1.1 Are information needs established and documented? Are they 
prioritized? 
Is traceability of measurement objectives established and 
maintained? 
SP 1.2 Are candidate measures identified based on the recorded 
measurement objectives? 
Are measures prioritized, reviewed, and updated? 
SP1.3 Are the existing sources of data identified? Are data 
collection mechanisms well-established? 
Is data collection prioritized and examined? 
SP1.4 Are appropriate data analysis mechanisms selected? 
 Are the analyses to be conducted specified and prioritized? 
Are the criteria for evaluating the analysis results specified? 
SP 2.1 Is data obtained for base measures? Is data generated for 
derived measures? 
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Are data integrity checks provided? 
SP2.2 Are initial analyses conducted? Are conclusions drawn? 
Are the results reviewed with relevant stakeholders 
SP2.3 Is the collected data examined and reviewed in terms of 
completeness, accuracy, and integrity? 
Is data stored according to data storage procedure? 
SP2.4 Check if relevant stakeholders assisted in understanding 
results 
Supplier 
Agreement 
Management 
(SAM) 
SP1.1 Is the type of acquisition determined? 
SP1.2 Are the criteria for evaluating potential suppliers 
Established? 
Are the proposals, risks of each proposed supplier, and 
proposed suppliers’ abilities evaluated? 
SP1.3 Is the supplier agreement documented? Is it periodically 
examined? 
Is the supplier agreement revised when necessary? Are the 
project’s plans and commitments revised when necessary? 
SP2.1 Is supplier progress monitored?  
Are work products selected and evaluated from the supplier? 
SP2.2 Are the acceptance procedures defined? Are the results of the 
acceptance test documented? 
Is action plan established when necessary? 
SP2.3 Check if acquired products are stored, integrated, and 
distributed as appropriate 
Project 
Monitoring 
and Control 
(PMC 
SP 1.1 Is the progress monitored and examined against the schedule?
 Are (project’s costs, the attributes of work products and 
tasks, resources used, and the knowledge and skills of project 
staff) monitored? 
SP2.1 Are external and internal commitments regularly reviewed? 
Are obtained results of commitment reviews documented? 
SP 1.3 Is the documentation of risks regularly reviewed? 
Is the documentation of risks revised, when necessary? Is the 
risk status communicated to relevant stakeholders? 
SP1.4 Are data management tasks examined as stated in the 
software project plan? 
Are the significant issues identified and documented? Are 
their impacts identified and documented? 
 SP1.5 Is the level of stakeholder involvement periodically 
monitored and reviewed? 
Are the significant issues identified and documented? Are 
their impacts identified and documented? 
SP1.6 Is the status of activities and work products regularly 
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communicated to relevant stakeholders? 
 Are the deviations from the plan Identified and documented? 
SP1.7 Are milestone reviews conducted with relevant stakeholders? 
Are the significant issues identified and documented? Are 
their impacts identified and documented? 
SP 2.1 Are gathered issues analyzed? 
SP 2.2 Are the appropriate actions required to tackle identified 
issues determined and documented? 
Are changes negotiated? 
SP 2.3 Are corrective actions monitored? 
Are obtained results of corrective actions analyzed? 
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Appendix J: Proposed Audit checklist for SP 1.2 – 
“Objectively evaluate work products” 
Table 25: Proposed Audit checklist for SP 1.2 – “Objectively evaluate work products” 
Project Information 
Project Name  
Project Type  
Date of Process Audit   
Project Manager  
Process Auditor  
Evaluate each item in the audit checklist against the criteria of SCAMPI Class A appraisal: 
“FI” – Fully Implemented 
“LI” – Largely Implemented 
“PI” – Partially Implemented 
“NI” – Not Implemented 
“NY”– Not yet Implemented 
No. Item to check 
1  
 
 
 
 
 
Generic 
Check Points 
Check if the latest version of the document/template is used as stated 
in the  plan 
2 Check if all sections of the document/template are properly filled. 
3 Check if all sections of the document/template are filled out in clear 
and concise language. 
4 Check if document/template name is correct. 
5 Check if the purpose/scope of the document/template is captured. 
6 Check if all the reference documents are identified 
7 Check if all abbreviations included in document/template are defined 
8 Check if the introduction section of document/template provides 
overview information about it. 
9 Check if work product is included under configuration management  
control as stated in the plan 
10 Check if the work product history is updated. 
11  
 
Check Points 
Related to 
design 
Check if alternative design solutions are identified 
 Check if selection criteria for selecting a solution are available 
12 Check if all the identified design modules are described  in sufficient 
detail 
13 Check if dependencies with other design elements are identified and 
documented. 
14 Check if interfaces of design are defined, and their operations are 
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described in sufficient detail. 
15 Check if requirements associated with design are provided. 
16 Check if all the reference documents associated with design are 
identified 
17 Check if traceability matrix is updated 
18 Check Points 
related to 
code 
Check if the code satisfies the coding standards as stated in the 
software project plan 
19 Check if the code review comments are correctly closed 
20 Check if the traceability matrix is updated 
 
 
 
 
 
21 Check Points 
related to 
Requirements 
Document 
Check if functional requirements are identified and documented in 
clear and concise language. 
22 Check if interface requirements are identified and documented in 
clear and concise language. 
23 Check if performance requirements are identified and documented in 
clear and concise language. 
24 Check if the traceability matrix is updated 
25 Check Points 
related to 
Test Cases 
Document 
Check if all the steps to conduct the test are identified and 
documented. 
26 Check if all the pre-requisites needed to execute the test are 
identified and documented. 
27 Check if the testing is conducted and the obtained results are 
available 
28 Check if the traceability matrix is updated 
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Appendix K: Guideline Document of the proposed model 
for SP 1.1 
stage Action Description Template(s) 
Plan  SQA Manager creates an audit plan.  
o The created audit plan should clearly describe which 
process/work product is to be audited, for what 
purpose, at what frequency, and by whom.  
o Note: audit plan can be (yearly / bi annual / 
quarterly) 
 SQA Manager identifies independent PPQA auditor. 
 SQA Manager finalizes Project audit schedule with the 
Project Manager 
Criteria to select 
a key process to 
be audited 
 
 
Criteria to select 
auditor/reviewer 
 
 
 
Prepare  Project Manager assists PPQA auditor in obtaining the 
required information/ artifacts 
 PPQA auditor identifies the required audit checklist for the 
process to be audited 
 PPQA auditor reviews associated Plans, Project documents 
and any other project artifacts 
 
audit checklist 
for the process 
to be audited 
Audit  PPQA auditor conducts the process audit based on defined 
criteria and audit instructions 
 PPQA auditor identifies noncompliance issues, 
improvements, and best practices 
 PPQA auditor analyzes the root cause and impact of non-
compliance.  
 PPQA auditor discusses observations, associated lessons 
learnt and corrective actions with relevant process owners. 
 
 
Report  PPQA auditor records observations in an audit report. 
 PPQA auditor places audit document in the project records. 
 The final version of the audit report might need to be 
distributed to concerned stakeholders and users 
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Appendix L: Guideline Document of the proposed model 
for SP 1.2 
stage Action Description Template(s) 
Plan  SQA Manager creates an audit plan.  
o The created audit plan should clearly describe 
which process/work product is to be audited, 
for what purpose, at what frequency, and by 
whom.  
o Note: audit plan can be (yearly / bi annual / 
quarterly) 
 SQA Manager Identifies independent PPQA auditor. 
 SQA Manager Finalize Project audit schedule with the 
Project Manager 
 
Criteria to select a 
key work product 
to be audited. 
 
 
Criteria to select  
auditor/reviewer 
Prepare  Project Manager assists PPQA auditor in obtaining the 
required information/ artifacts 
 PPQA auditor identifies the required audit checklist for 
the work product to be audited 
 PPQA auditor reviews associated Plans, Project 
documents and any other project artifacts 
 
audit checklist for 
some important 
work products 
Audit  PPQA auditor conducts the work product audit based 
on defined criteria and audit instructions 
 PPQA auditor identifies noncompliance issues, 
improvements, and best practices 
 PPQA auditor analyzes the root cause and impact of 
non-compliance.  
 PPQA auditor discusses observations, associated 
lessons learnt and corrective actions with relevant 
owners. 
 
 
Report  PPQA auditor records observations in an audit report. 
 PPQA auditor places audit document in the project 
records. 
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 The final version of the audit report might need to be 
distributed to concerned stakeholders and users 
 
Appendix M: Guideline Document of the proposed model 
for SP 2.1 
stage Action Description Template(s) 
Resolve  SQA Manager reviews Audit report and publish to 
stakeholders for action 
 SQA Manager and project Manager work with the team 
to ensure that the issues highlighted in the audit report are 
addressed in a timely manner 
 In cases where there is no feasible resolution to 
noncompliance issues, the escalation path will be taken. 
Audit report 
will include 
audit checklist 
for the process 
to be audited 
and  
audit checklist 
for some 
important work 
products 
  
Escalate  SQA Manager Analyses root cause for the issue, identify 
solution, facilitate necessary steps for resolution 
 SQA Manager Identifies if the resolution is feasible 
 If the issue still cannot be resolved, it is escalated and 
reported by SQA Manager to the appropriate level of 
authority, as defined in the project management plan. 
 
 
Follow-up  Operative Process Owners and Project SQA follow-up 
with team members periodically to verify resolution. 
 Operative Process Owners and Project SQA ensure 
smooth closure of the issues.  
 
 
Find-out  Project SQA records observations in an audit report. 
 Project SQA analyzes in depth the non compliances in the 
project across processes and work products. 
 Project SQA Observes/Records similarities and trends. 
 Project SQA addresses specific issues with process or 
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resources to ensure effective implementation and 
adoption of project process. 
 Project SQA compares the analysis results obtained with 
other projects, as well as the expectations they may have 
as a result of previous experiences, so as to bring about 
process improvement at organizational level. 
Appendix N: Guideline Document of the proposed model 
for SP 2.2 
Stage Action Description Template(s) 
Record  SQA Manager records and documents the status of 
quality assurance activities 
 SQA Manager Consolidates the project level PPQA 
records to create organizational level PPQA records. 
Audit Records 
will include audit 
checklist for the 
process to be 
audited and  
audit checklist 
for some 
important work 
products 
Revise  SQA Manager ensures that the PPQA records 
established in the previous stage, “record,” are kept up to 
date. 
 If the status of PPQA activities is not found to be recent, 
then SQA Manager revises the PPQA records with the 
latest information so that they are always kept up to date. 
 
 
Share  SQA Manager shares the quality report at predefined 
intervals with the managers and process engineering 
group 
 
 
 
Improve  SQA manager examines the quality report and other 
discussion forums that are used to identify issues, gaps, 
best practices, and trends as part of process 
improvement. 
o Note: All obtained suggestions and observations 
are recorded in detail and presented to 
management for approval. Based on the 
obtained approval, the process improvement 
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initiatives and changes are institutionalized in an 
organization-wide manner. 
  SQA manager carries out the process improvement at 
the organizational level. 
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